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The Cover 


The photomicrographs on the cover depict crystallites of the common vitamins (from left to right) 
Cholecalciferol (Vitamin D,), Biotin (Vitamin H), Niocin (a B-complex vitamin), and Ascorbic Acid 
(Vitamin C). These images convey the beauty and excitement of science and demonstrate the synergy 
of the arts and science. 

Vital Amines. The term vitamin derives from experiments conducted early in this century which 
indicated that proper nutrition was dependent upon the introduction of one or several vital nitrogen- 
containing amines into the diet. Vitamins are organic molecules (not necessarily amines) that are 
essential to metabolism in all living organisms. While these molecules serve essentially the same role 
in all forms of life, higher organisms have lost the ability to sythesize vitamins. 


The Image 


Photomicrography. The images on the cover were prepared using the technique of photomicrog- 
raphy by Michael W. Davidson, a research scientist in charge of the optical and scanning probe 
microscopy facilities at the National High Magnetic Field Laboratory (NHFML) at Florida State 
University in Tallahassee. Davidson has won over 30 awards in scientific and industrial photography 
competitions. His research interests include liquid crystalline biological systems, the packaging of 
DNA in virus heads, and the interaction of drug molecules with DNA. 

The National High Magnetic Field Laboratory represents a model partnership for the future. This 
federal-state-industry cooperarative enterprise holds the potential for broadening opportunities for 
research and education. NHMFL is operated by a consortium which includes Florida State Univerity, 
the University of Florida, and Los Alamos National Laboratory. It is funded primarily by the State of 
Florida and the National Science Foundation. 

Recent developments in the material sciences have led to an enhanced interest in the expanding 
field of photomicrography. For exaniple, the technique has become indispensable to the semiconduc- 
tor industry for characterizing manufacturing defects and monitoring the successive stages of integrat- 
ed circuit fabrication. 

Photomicrography captures the images seen in the microscope onto photographic film to obtain “hard 
copy” for research records. In a classroom environment, classical photography assignments can be cou- 
pled with science microscopy studies to provide a multidicsiplinary program in photomicrography. 

To “read more about it” and learn about ways to introduce photomicrography at the high school 
level, see Michael W. Davidson, “An Introduction to Photomicrography,” Photomicrography, 
September 1991; “Some Artistic Techniques in Photography,” Journal of Biological Photography, 
October 1991; and “Moon Rocks Under the Microscope,” Microscopy and Analysis, July 1993. 
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Letter of Transmittal 


NATIONAL SCIENCE BOARD 
4201 Wilson Boulevard 
ARLINGTON, VIRGINIA 22230 


December 8, 1993 
My Dear Mr. President: 


It is my honor to transmit to you, and through you to the Congress, the eleventh in the 
series of biennial Science Indicators reports—Science and Engineering Indicators—1993. 
The National Science Board is submitting this report in accordance with Sec. 4 (j) (1) of 
the National Science Foundation Act of 1950, as amended. 

The Science and Engineering Indicators report provides policymakers in both the pub- 
lic and private sectors with a broad base of quantitative information about U.S. science 
and engineering research and education and U.S. technology in a global context. The 
data and analysis in this report are especially relevant to our Nation during these first 
years of the Post-Cold War era. 

Science and technology, including basic research, are key factors in meeting our 
strategic goals of improved international competitiveness and enhanced health and eco- 
nomic and social well-being. The Science and Engineering Indicators report series con- 
tributes to a better understanding of the science and technology enterprise and will be 
helpful as together we define and assess priorities and accomplishments. 

Mr. President, the National Science Board is proud to note that the Science and 
Engineering Indicators report is internationally renowned and has become a model for 
other countries. I join my colleagues on the National Science Board in expressing the 
hope that you, your Administration and the Congress will find this report useful as 
you set priorities, make decisions on investments and seek solutions to our national 
problems. 


Respectfully yours, 


James J. Duderstadt 
Chairman 


The Honorable 

The President of the United States 
The White House 

Washington, DC 20500 
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Science & Engineering indicators — 1993 


Introduction 


An Historical Perspective 


It has been more than 20 years since the National 
Science Board (NSB) issued the first edition of what has 
since become the biennial Science & Engineering 
Indicators report. Consistent with its congressional man- 
date to be concerned with the state of science and engi- 
neering in the United States, the Board made an early, 
explicit decision to work with other federal agencies to 
develop output indicators and input indicators to help 
describe major scientific advances and technological 
achieveinents, as well as gauge the contribution of sci- 
ence and technology both to specific national goals and 
the broad national welfare. 

In preparing the 1993 report, the NSB Subcommittee 
on Science and Engineering Indicators reviewed the his- 
tory and original goals of the NSB in developing an 
Indicators effort. On May 19, 1976, Roger Heyns, 
Chairman of the NSB’s Science Indicators Committee, 
was invited to testify at hearings before the House of 
Representatives’ Subcommittee on Domestic and 
International Scientific Planning. At this hearing, Heyns 
outlined some of the main purposes and functions of the 
reports: 


® to detect and monitor significant developments and 
trends in the scientific enterprise, including interna- 
tional comparisons; 


® to evaluate their implications for the present and 
future health of science; 


® to provide the continuing and comprehensive 
appraisal of U.S. science; 


® to establish 4 new mechanism for guiding the 
Nation's science policy; 


® to encourage quantification of the co:amon dimen- 
sions of science policy, leading to improvements in 
research and development pclicy-setting within fed- 
eral agencies and other organizations; and 


® to stimulate social scientists’ interest in the method- 
ology of science indicators as well as their interest 
in this important area of public policy. 


Over the years, the Science & Engineering Indicators 
reports have evolved, expanding their coverage, and 
refining and improving the methodologies, presentations, 
and analyses of the indicators. The NSB Subcommittee 
reviewed the original objectives established 20 years ago; 
it noted that they have been met and are still valid. 
Indeed, the first objective (international comparisons) is 
perhaps even more important today than it was in 1972. 
In recognition of this, one of the major enhancements, of 
the Science & Engineering Indicators—1993 report is an 
expanded coverage of international comparisons. 


Audiences 

In developing the Science & Engineering Indicators 
reports, the Board is aware of their value and use as ref- 
erence documents as well as policy documents. The 
reports now serve the needs of a very wide audience 
including decisionmakers from government (in particu- 
lar the congressional and executive branches), the 
industrial and academic sectors, nonprofit organizations, 
and professional societies. One of the continuing objec- 
tives of the Board is to be relevant to this broad audience 
in the United States, as well as abroad, who have come 
to rely on comprehensive and objective indicators to 
assist them in their responsibilities. 

The NSB Subcommittee, before preparing this report, 
contacted a variety of users to determine policymakers’ 
needs and views about Science & Engineering Indicators. 
Their response was overwhelmingly positive. Several 
important topics were suggested, and many of these 
ideas were incorporated in Science & Engineering 
Indicators—1993. 


Coverage of Indicators 


The coverage of several important topics or themes 
have remained constant over the years, regardless of 
chapter configuration. As stated earlier, international 
comparisons were an initial goal of the report and have 
been greatly enhanced in the 1993 report. The National 
Science Board and the National Science Foundation, in 
cooperation with the Organisation for Economic Co- 
operation and Development (OECD), have taken a lead- 
ership role in developing science indicators-type reports 
and quantitative information on science and technology 
as a basis for policymaking and as a tool for research and 
assessment on a worldwide basis. 

The success of providing valid and comparable data 
depends on the active participation and ccoperation of 
nations who now are engaged in developing their own 
national science and engineering indicators. Among the 
OECD member countries, Australia, Canada, France, 
Germany, Italy, Japan, the Netherlands, and the United 
Kingdom, to name a few, are engaged in national indica- 
tors activities. The Commission of the European Com- 
munities is establishing its own science and engineering 
indicators program. Over the past year, National 
Science Foundation staff have worked with a number of 
other countries such as Brazil, India, Indonesia, and 
Mexico as they also have begun or expanded their own 
science and engineering indicators efforts. Additionally, 
the National Science Foundation is working in partnei- 
ship with the OECD to assist “economies in transition,” 
such as Russia and Central European countries, to 
establish comparable science and technology indicator 
systems. The National Science Foundation continues 
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its cooperation in science indicators activities with the 
Pacific Economic Cooperation Council (PECC) and 
Asian countries. 

The quantification of the outputs and impacts of sci- 
ence and technology was an original goal. Science 
Indicators 1972 contained some measures of scientific 
publications and citations by fields and countries. The 
National Science Foundation took an early lead in devel- 
oping the field of bibiliometrics; these indicators have 
been greatly refined and expanded and improved over 
the years. Once thought new and experimental, they are 
now accepted the world over as important vutput indica- 
tors. A variety of patent indicators have been used and 
improved as another measure of inventiveness and out- 
put from R&D, particularly with regard to the industrial 
sector. These indicators are now being considered as 
important metrics in broad performance assessments. 

Assessments of what was called “Public Opinion of 
Science” in the 1972 report have been a another continu- 
ing feature of the Science & Engineering Indicator series. 
Evaluating, quantitatively, the complex, but all-important 
public attitudes toward and understanding of science 
and technology in a manner that accurately portrays 
those attitudes and changes over time has led to the 
development and evaluation of ever more comprehen- 
sive and refined public attitude survey instruments. The 
National Science Foundation has worked with the 
Commission of the European Cominunities, Japan, and a 
number of other countries to increase the comparability 
and coverage of survey questions, including questions on 
environmental topics and issues. The National Institutes 
of Health joined the National Science Foundation in this 
endeavor, supporting the development of a whole set of 
new indicators related to the measurement of public 
understanding of biomedical and behavioral science con- 
cepts and scientific reasoning. This report encompasses 
expanded coverage of public attitudes and understand- 
ing in terms of international comparisons and increased 
subject matter. 

Among the more visible and significant trends to 
which Science & Engineering Indicators must respond is 
the globalization of science and technology. The impor- 
tance of international comparisons and international col- 
laboration in developing indicators data has already 
been stressed. This report includes data on trends in 
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international collaboration. In view of the importance of 
regional cooperation, the report also presents regional 
data for Europe, Asia, and North America, for example. 

In the field of education indicators, this report 
includes information on global human resource develop 
ment in science and engineering. Special attention also 
has been paid to education and employment in science 
and engineering of women and minorities. 

An effort was made in the Science & Engineering 
Indicators—1993 report to provide information on a 
number of topics or developments thought to be of inter- 
est to policymakers such as the changes in defense R&D 
and the effects of defense conversion on R&D expendi- 
tures and science and engineering employment patterns. 
Additionally, new information is provided on internation- 
al and domestic cooperation and partnerships in science 
and engineering. Some information is also presented on 
the immigration of scientists and engineers from Russia. 
A discussion is included on the future national competi- 


tiveness in high-technology industries for eight Asian 


countries. 

Universities have increased their role in the perfor- 
mance of the Nation’s R&D. However, concern is cur- 
rently being expressed about changes and pressures on 
U.S. research universities. Because of its importance, a 
separate chapter is devoted to academic research. 

U.S. science and engineering, and the technologies 
that emerge from related research and development and 
innovation in the private and public sectors, are widely 
recognized for their contributions to the Nation’s eco- 
nomic growth. Therefore, a chapter on technology devei- 
opment and competitiveness is included. 

From the outset, the vision of the National Science 
Board has been to provide a ccntinuing and comprehen- 
sive appraisal of U.S. science and engineering. The 
Science & Engineering Indicators—1993 report continues 
this excellent tradition. 


'This report contains chapters on precollege science and mathemat- 
ics education and higher education in science and engineering. For 
further information on these topics, see Division of Research, 
Evaluation and Dissemination. 1993. Indicators of Science and 
Mathematics Education 1992. NSF 93-95. Washington DC: National 
Science Foundation. 
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“This country must sustain 
world leadership in science, 
mathematics, and engineering 
if we are to meet the 
challenges of today . . . and 


of tomorrow.” 


PRESIDENT WILLIAM J. CLINTON 


November 23, 1993 
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Overview. Science and Technology: Changes and Challenges 


| he U.S. science and technology (S&T) enterprise is key to our future. 
It is vital to our Nation’s economic growth and productivity and 


makes invaluable contributions to our personal health and well-being. 
Against the backdrop of new political realities—the end of the Cold War, 
the collapse of the former Soviet Union, and the resultant and concomitant 
changes in defense requirements—national investment in research and 
development (R&D) and education and training is particularly significant. 

Further, the increased globalization of national economies under- 
scores the need to analyze and understand current trends in both coop- 
eration and competition in science and technology. Many nations have 
increased their scientific and technological capabilities, resulting in 
growing economic competition from abroad in technological products 
and services. Growing S&T investments in newly industrialized econ- 
omies and the development of new regional blocks such as Europe, 
North America, and the Pacific Rim call for increased attention by 
policymakers to enhanced opportunities for—and challenges to—scien- 
tific and economic interaction. 

This report describes U.S. science, engineering, and technology 
trends in a global context, and provides insights on how investmenis 
and priorities are changing over time. S&T human resources, in all their 
diversity, are essential to our economy and national security. Therefore, 
information on the science and engineering (S&E) pipeline—precollege 
education, higher education, and the S&E workforce—is presented. In a 
democracy such as our own, public attitudes and public understanding 
are of major importance and have an impact on decisions in both the pri- 
vate and public sectors. Therefore, the report presents information on 
science and technology in a societal context. 

This overview section highlights some of the cross-cutting themes 
and findings detailed in the remainder of this repori. 


U.S. scientific and technical capabilities should be viewed in a 
global context. 


@ The United States still leads all other countries in the amount of 
total R&D investments, but other countries have increased their 
R&D capabilities and are either closing the gap with or leading the 
United States for some indicators. 


@ Total U.S. expenditures on R&D reached an estimated $161 billion 
in 1993, or 2.6 percent of the gross domestic product (GDP). In 
1991, the R&D/GDP ratio in Germany was 2.6 percent (2.8 for 
the former West Germany alone), and ‘ for Japan was 3.0 
percent. 
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# Continued slow growth is expected for the Nation’s R&D invest- 
ment; since the late 1980s, there has been a worldwide slowing in 
R&D funding growth. 


@ The United States spent 11 percent more on R&D than Japan, the 
former West Germany, and France combined in 1991, but these 
three countries spent 17 percent more on nondefense R&D than did 
the United States. Only in Japan, however, has nondefense R&D 
grown fester than in the United States since the early 1980s. 


# The nondefense R&D/GDP ratio in the United States is less than or 
equal to many other industrialized countries. In 1991, the U.S. ratio 
was only 1.9 percent, which is equal to that of France, but less than 
the 3.0 percent ratio in Japan or the 2.7 percent in the former West 
Germany. 


# The United States continues to lead the industrialized world in the 
perform: ice of industrial R&D, but over the past two decades, the 
U.S. share of industrial R&D performed by the Organisation for 
Economic Co-operation and Development countries has fallen. 
Despite this decline, the United States remains the leading per- 
former of industrial R&D by a wide margin, even surpassing the 
combined R&D of the 12-nation European Community. 


® Twice as many scientists and engineers are engaged in R&D in the 
United States as in Japan; however the United States and Japan 
now have similar proportions of such researchers in their respec- 
tive workforces. 


@ The United States has high participation rates in university educa- 
tion. However, Canada and some Central European and Asian 
countries have higher participation rates in natural science and 
engineering (NS&E) degrees by their college-age populations than 
does the United States. 


® In 1990, six Asian countries produced more than one-half million 
NS&E bachelors degrees, slightly more than the number of NS&E 
degrees produced in Europe and North America combined. 


® The U.S. share of the world’s influential scientific publications far 
exceeds that of any other country. Scientists and engineers in the 
United States, the European Community, and Japan produce about 
two-thirds of the world’s premier scientific literature. 


¢¢@ 


‘It is essential to recognize that 
technical advances depend on basic 
research in science, mathematics, 
and engineering. Scientific advances 
are the wellspring of the technical 
innovations whose benefits are seen 
in economic growth, improved health 
care and many other areas. 

The Federal Government has invested 
heavily in basic research since the 
Second World War and this support 
nas paid enormous dividends. 
Our research universities are the 
best in the world; our national 
laboratories and the research facilities 
they house attract scientisis and 
engineers from around the globe.” 
PRESIDENT WILLIAM J. CLINTON AND 
VICE PRESIDENT ALBERT GORE, JR. 
Technology for America’s 
Economic Growth, 

New Directions to Build 


Economic Strength 
February 22, 1993 
¢ 
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The sat enterprise is increasingly global in nature, and interna- 
tional interaction is increasing. 


@ The interuationalization of industrial R&D is intensifying. From 
1980 to 1991, U.S. firms generally increased their funding of R&D 
performed abroad. Since 1985, U.S. firms’ overseas R&D financing 
has increased nine times faster than that performed domestically. 
Offshore R&D funded by U.S. industrial firms now equals 11.3 per- 
cent of their own domestic R&D expenditures. Foreign R&D com- 
prised more than 10 percent of industry’s total in the United States, 
Canada, the United Kingdom, and France in 1990. The number of 
multi-firm international R&D alliances grew from about 250 in the 
1970s to almost 1,500 in the 1980s. 


@ International coauthorship of scientific articles represents another 
indication of enhanced collaboration. In 1991, 11 percent of the 
world’s articles were internationally coauthored—this is twice the 
percentage from a decade earlier. This increase in international 
cooperation is evident in several fields, but especially in physics, 
mathematics, and earth and space sciences. Although U.S. re- 
searchers still collaborate most frequently with colleagues in the 
United Kingdom and Germany, there has been increased coopera- 
tion with France, Japan, and Italy. 


@ The excellence of the U.S. higher education system attracts grow- 
ing numbers of foreign students. These students continued to 
increase as a proportion of U.S. doctoral degrees in 1991, particular- 
ly in engineering and mathematics; foreign students received over 
25 percent of all natural science degrees, over 40 percent of 
math/computer sciences degrees, and over 45 percent of engi- 
neering degrees awarded that year. 


@ Among foreign citizens, students from Asian countries receive 
three times more S&E doctorates from American universities as do 
students from all European countries and the Americas combined. 
More than three times as many Asian S&E doctoral recipients plan 
to stay and work in the United States as foreign S&E doctorates 
from the Americas and Europe. 


The u.s. is undergoing a change in the structure of its R&D investments. 


@ The Federal Government provides a decreasing fraction of national 
R&D support—an estimated 42 percent in 1993, down from 46 percent 
in the mid-1980s. Industry provides more than half of all funds (52 
percent); and the combined share of state government, university, 
and nonprofit support ha.s doubled from 3 to 6 percent since 1985. 
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@ Universities conduct an increasing share of the R&D performed in +2 
the United States, growing from 9 percent in 1985 to 13 percent in 
1993. Industrial firms are still responsible for performing most of 
the Nation’s R&D-—68 percent—but their share of the total national 
effort fell over this same period. 


“Results of academic research 
are much more useful to 


@ Individua! investigators receive a slightly smaller share of federal industry today than they were 


civilian academic research support than in the past, but still receive 
more than half of all such funds. 


@ R&D performance is highly concentrated in just a few States. California 
accounted for 20 percent of all R&D conducted in the United States, and 
10 States represent over two-thirds of the national R&D total. This concen- 
tration of R&D funds has remained fairly constant over time, but many 
other States now are developing strategies to enhance their S&T base. 


10 or 20 years ago. Universities 
are more receptive wo and 
interested in collaborating with 
industry at this time. However, 
academic research should focus its 
eyforts on the long-term, fundamental 


needs of the United Sia’2s in science 
U.S. science and engineering investments and activities reflect 


changing national priorities. and engineering, with input on those 


, ; needs from private industry, 
@ Health R&D accounts for a rapidly growing share (15 percent in 


1994) of the government’s total R&D investment. Much of the government and other sectors.” 


growth in health-related R&D is for AIDS research. National defense 
R&D spending still commands the lion’s share (59 percent of the 
federal total), but is Gecreasing. Space research has increased, pri- 


CHARLES F. LARSEN 


Executive Director 
Industrial Research Institute 


marily for Space Station Freedom. > 
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@ Health research was scheduled to receive the single largest share— 
40 percent—of federal basic research budgets in 1994. General sci- 
ence, which included funding for the National Science Foundation 
and for the research portion of the now-canceled Superconducting 
Super Collider, accounted for 20 percent of estimated federal basic 
research authorizations. Generai science, however, still comprises 
only 4 percent of total federal R&D. 


@ Reflecting the overall strategy to use science and technology to 
achieve national goals, combined funding for six interagency 
cross-cutting initiatives equaled $12.5 billion, or about one-sixth of 
the estimated 1994 federal R&D support. Funding for biotechnolo- 
gy was $4.3 billion; advanced materials and processing, $2.1 bil- 
lion; global change research, $1.5 billion; advanced manufacturing 
technology, $1.4 billion; and high-performance computing and 
communications, $1.0 billion. The science, mathematics, engineer- 
ing, and technology education initiative was funded at $2.3 billion, 
although it is not directly included in an R&D budget. There is 
some overlap in these activities and budget estimates, and new fed- 
eral strategic initiatives are being developed. 
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The importance of supporting basic research in areas of strategic 
and national importance and the enhancement of interagency 
coordination are receiving increased national attention. 


@ Research can be directly influenced by the quest for fundamental 
knowledge and can contribute to strategic projects and/or nation- 
al goals. Basic research and education are investments in future 
capabilities. It is therefore not surprising that the academic sector 
performed 62 percent of the Nation’s basic research. 


@ In recognition of the importance of basic research, national expen- 
ditures in this area of investment increased both in terms of abso- 
lute levels of funding and as a proportion of total R&D expenditures. 
Since the mid-1980s, the share of R&D funding devoted to basic 
research rose from 13 to 16 percent. The Federal Government has 
traditionally funded the majority of the Nation's basic research; in 
1993, it provided 63 percent of the funding for this activity. 


@ There is new and increased emphasis on supporting basic research 
in a variety of strategic areas as determined by the President, the 
new Cabinet-level National Science and Technology Council (NSTC), ' 
and Congress. 


@ The NSTC will establish clear national goals for federal science 
and technology investments and ensure that science, space and 
technology policies and programs are developed and implemented 
to effectively contribute to those national goals. To enhance coor- 
dination of R&D strategies and budget recommendations, the 
National Science and Technology Council will establish coordinat- 
ing committees on R&D in the following areas: 


Health, Safety, and Food R&D 

Fundamental Science and Engineering Research 
Information and Communication R&D 

Environment and Natural Resources Research 

Civilian Industrial Technology R&D 

Education and Training R&!) 

Transportation R&D 

National Security R&D 

International Science Engineering and Technology R&D 


‘President Clinton established the National Science and Technology Council by 
Executive Order on November 23, 1993. The Council will consolidate the responsibilities 
previously carried out by a number of other interagency councils, including the Federal 
Coordinating Council for Science, Engineering, and Technology; the National Space 
Council; and the National Critical Materials Council. The same executive order also estab- 
lished the President's Committee of Advisors on Science and Technology; this private sec- 
tor committee will serve as an advisory group to the President and the National Science and 
Technology Council. 
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Universities have assumed a larger role in performing the Nation’s 
R&D, but are receiving a smaller share of their funding from the 
Federal Government. 


@ Academic R&D rose to an estimated $20.6 billion in 1993. Althoug.: 
overall expenditures have grown, the federal share of academic 
support has continued to deciine, as ether reported sources of uni- 
versity support—including universities’ own funds—have grown 
more rapidly. 


@ In 1993, federal sources still provided the majoxity of funding for 
academic R&D—56 percent-—but this was a decrease from the 68- 
percent share provided by the Federal Government in 1980. Aca- 
demic institutions themselves provided the second largest share of 
academic R&D support, reaching 20 percent in 1993. Industrial sup- 
port of academic research has grown more rapidly than support 
from other sources; its share increased from 3.9 percent in 1980 to 
7.3 percent in 1993. 


@ The amount, adequacy, and condition of S&E research space at the 
Nation’s research-performing institutions are all reported to have 
increased and/or improved between the 1988/89 and 1992/93 
periods. However, 34 percent of the institutions still reported that 
their research space was inadequate. 


U.S. research universities have recently begun to show a decline in 
expenditures from current funds on academic R&D instrumentation 
after having made large increases in instrumerteation investment 
during most of the 1980s. 


@ The rapid increase in the number of doctoral academic re- 
searchers evident in the 1980s appears to have leveled off for all 
fields but computer science. 


@ During the 1980s, a growing fraction of academic scientists and 
engineers reported being active in research. This trend seems to 
have siowed or leveled off between 1989 and 1991. 


Defense downsizing has affected Rad expenditures and sae 


employment. 


@ Defense R&D (which includes Depariment of Energy weapons pro- 
grams) dropped to 59 percent of the 1994 federal R&D budget— 
down from its 1987 peak of 69 percent. Within the Department of 
Defense (DOD), however, the post-Cold War budget R&D funds 
have actually increased, while some other budget areas have 
declined. R&D now accounts for 14 percent of DOD’s total outlays— 
up from a 10-percent share at the beginning of the defense buildup 


“The burden of expectations 
on the universities grows year 
by year, while their traditional 

functions of teac*ing, research 
and extensicn have never 
been more important.” 


FRAN” H. T. RHODES 
President of Cornell University 


° 
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in 1980. Out of its R&D budget, DOD now provides financing for a 
multi-agency defense conversion effort to bolster economic com- 
petitiveness and promote dual-use technologies to ease defense 
conversion. 


@ Federal funding of industrial R&D is highly concentrated in indus- 
tries with defense importance; aircraft and missiles companies and 
conimunications equipment firms received more than three- 
fourths of federal R&D support to industry. R&D in these industries 
will no doubt be affected by downsizing of defense procurement. 


@ Defense downsizing has affected industry's enployment of R&D 
scientists and engineers. Preliminary data show that the number 
of R&D scientists and engineers declined 6 percent, dropping from 
730,000 in 1990 to 684,000 in 1992; in the aircraft and missiles 
industry, the number of federally supported R&D scientists and 
engineers declined 20 percent. 


@ Reduced defense spending is having a major impact on engineer- 
ing employment. Recent government projections show that more 
than two out of five engineering defense-related civilian jobs have 
been, or will be, lost between 1987 and 1997. 


R&D partnerships and university-industry cooperation are 
increasing. 


@ In constant dollars, acartemic R&D financed by industry increased 
an estimated 265 percent from 1980 to 1993. Industry’s share of 
academic R&D funding grew from 3.9 percent to an estimated 7.3 
percent. 


@ There was an estimated fourfold increase in the number of univer- 
sity-industry research centers (UIRCs) established in the 1980s 
compared to the number established in the 1970s. The more than 
1,000 university-industry research centers in existence in 1991 
spent an estimated $2.7 billion on R&D in 1990; 72 percent of the 
UIRCs were established with the support of federal or state funds. 


@ Industry-university coauthorship of scientific articles is increasing. 
In 1991, 35 percent of all industry articles were collaborative 
efforts with academic researchers, up from 22 percent a decade 
earlier. 


@ Academic patenting continued its rapid growth into 1991; almost 
one-fourth of all patents awarded to universities since 1969 were 
awarded in 1990-91. This increase was especially true in the health 
and biomedical-related areas and is one indicator of the potential 


role played by academic R&D in the development of technology and *o 
new products. It may also be an indication of increased interest by 
university researchers in the marketplace. “If we can do a better job of 
@ Universities are receiving financia! benefits from patenting and educating all young people in 
licensing. A recent General Accounting Office study indicated that science and mathematics, they will 


many universities expanded their efforts vo transfer technology to ' ; , 
industry and to enhance their licensing activities. not only grow up with skills that will 


¢ Federal labs also are accelerating efforts to help industry make help them find jobs, they will be 


commercial use of their research. More than 1,500 cooperative able to appreciate the importance 
R&D agreements (CRADAs) have been negotiated between federal of science and engineering and its 
labs and industry since 1987, and the number of licensing agree- role in the quality of life. Starting 
ments has more than doubled. , 

early ts the best strategy, but we 


@ Eleven federal agencies participated in the Small Business 


Innovation Research (SBIR) Program in 1991, making awards shoud nat Se shy tn exploring 
totaling $483 million. During the 1983-91 period, more than one- every possible mechanism to 
fifth of these awards were computer-related, and one-fifth were for reach all people of all ages.” 
electronics research. Research in the life sciences and materials NEAL LANE 
each represented 16 percent of all SBIR awards. Director 

National Science Foundation 


U.S. student performance in science and mathematics at the pre- 
college level is still problematic. eo 


@ Increases in the average mathematics National Assessment of 
Educational Progress (NAEP) proficiency scores for 13- and 17- 
year-old students between 1978 and 1990 reflect gains among stu- 
dents who fall below the 50th percentile. The gains made by these 
students may be attributable to the past focus on teaching basic 
skills. Little or no progress has been made in raising the proficien- 
cy scores of ; tudents in the top quartiles. 


@ Research indicates that three-fourths of eventual science, mathe- 
matics, or engineering majors in college had different plans as 
high school sophomores or changed their minds several times 
during their academic careers. This finding suggests that educa- 
tors concerned about the development of engineers, mathemati- 
cians, and scientists for the future need to look to other fields and 
help smooth the transition of students from one major to another. 


There are major differences between males and females in their 
participation in science and engineering at all levels, but some 


improvements are evident. 


@ Although male and female students in the 4th, 8th, and 12th 
grades have equivalent mean NAEP scores in mathematics, more 
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12th grade males than females are reaching the advanced and pro- 
ficient levels. The science scores of 13- and 17-year-old male stu- 
dents have remained higher than those of female students of the 
same age. 


@ Females continue to be underrepresented among the highest scor- 
ers on the mathematics section of the Scholastic Aptitude Test 
(SAT). While 24 percent of males score at or above 600, only 13 per- 
cent of females score that high. 


@ At the undergraduate level, females obtained 45 percent of all 
bachelors degrees in the natural sciences in 1991. Their participa- 
tion rate in engineering degrees grew from 2 to 16 percent 
between 1975 and 1991. 


@ By 1991, more than one-third of graduate S&E students were 
female. 


@ Females received half the social science degrees and over a quar- 
ter of the natural science degrees at the doctoral level in 1991. This 
represents a doubling of female participation rates in these S&E 
fields since 1975. However, women received relatively few engi- 
neering or math/computer sciences degrees at the doctoral 


level—9 and 17 percent, respectively. 


@ In 1991, women comprised 88 percent of all elementary school 
teachers and 56 percent of all secondary school teachers. However, 
women were less likely to be rnathematics and science teachers. 


@ Although women still comprise a very small portion of the engi- 
neering workforce, some progress has been made over the past 
decade: Between 1983 and 1992, the percentage of women 
increased from 5.9 percent to 8.7 percent. 


@ The number of doctoral women scientists and engineers employed 
in academia more than doubled from 1979 to 1991, increasing from 
16,650 to 35,600; the number active in academic R&D almost 
tripled. 

@ Women represented 19 percent of academic researchers in 1991. 
Almost half of these were active in the life sciences. Women 
accounted for only 3.4 percent of all academic doctoral engineers 
in 1991. 
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Minorities are still underrepresented in science, mathematics, 
and engineering, although some progress has been achieved. 


@ At a time when their numbers are growing, miro-ity students are 
underrepresented among students doing well in mathematics and 
science and among those who go on to pursue math- and science- 
related careers. By 2010, the school-age population is expected to 
be more than 40-percent minority. 


@ From 1990 to 1992, NAEP mathematics proficiency scores showed 
gains for white students in all grades; the gains for black and His- 
panic students were of a smaller magnitude. 


@ Approximately two-thirds of white and black students in high 
school have taken geometry or more advanced courses, compared 
to just over half of Hispanic students. 


@ The gap between the mathematics scores on the SAT of whites and 
Asians, on the one hand, and blacks, Mexican Americans, Latin 
Americans, Puerto Ricans, and Native Americans, on the other 
hand, is very large. While the overall performance of blacks has 
improved, there has been little progress in raising the number of 
high-scoring blacks. 


@ Asians have not only outscored all o*her groups on the mathemat- 
ics portion of the SAT from 1987 to 1992, they also appear to be 
widening the gap between themselves and all other groups. The 
number of Asians scoring 750 or more doubled during the period. 


@ Underrepresented minorities (blacks, Hispanics, and Native Amer- 
icans) modestly improved their participation rates in S&E degrees, 
rising from 6 percent in 1977 to almost 10 percent in 1991. 

@ Although 31 percent of the Nation’s students come from minority 
groups, oniy 11 percent of high school mathematics teachers and 
only 4 percent of high schoo! physics teachers are minorities. 


@ Eighth grade white and Asian students and eighth grade students from 
high socioeconomic status families were much more likely to be taught 
by mathematics teachers who majored in mathematics or mathematics 
education than were black, Hispanic, or Native American students. 

@ Undergraduate enrollments in engineering of blacks increased 
from 4 to 7 percent during the period 1979-92; concurrently, enroll- 
ments of Hispanics rose from 3 to 6 percent. 


@ Underrepresented minorities comprise only about 4.6 percent of 
the graduate student population in natural sciences and about 4 


percent in engineering. 
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“We are acutely sensitive 
to the underrepresentation of 
both women and minorities in 
science and engineering. 
Programs addressed to helping 
these groups tu succeed and move 
into leaderstb roles are im portant. 
It will take time, but in the end 
that is the only way I think you 
are going to get really fundamental 
change, and that fundamental 
change is absolutely critical for 
our society right now.” 
JAMES J. DUDERSTADT 


Chairman 
National Science Board 
« 
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@ The number of doctoral degrees obtained by underrepresented 
minorities has increased in all S&E fields, especially in the social 
and natural sciences. This growth is from a small base, however, 
and minority students still represent only a half of 1 percent of all 
doctoral degrees. 


@ Since 1979, increases in participation for minorities have been 
greater than for whites, but the overall number of black, Hispanic, 
and Native American researchers remains low. In 1991, minorities 
constituted 5 percent of academic doctoral S&E researchers, up from 
2 percent in 1979. Their increasing share among researchers is 
roughly in line with their growing share of academic employment. 


@ Asians are increasingly prominent in academic R&D. They consti- 
tuted 10 percent of academic researchers in 1991, up from 4 per- 
cent in 1979. 


@ Minorities are underrepresented in the engineering workforce. The 
percentage of blacks in the engineering workforce increased from 
2.6 percent in 1983 to 4.0 percent in 1992, and the percentage of 
Hispanics increased from 2.2 to 3.1 percent over the same period. 


Enroliments and degrees in S&eé fields are up. 


@ There are indicators of growing interest among freshmen in study- 
ing fields of science and engineering. National Merit Scholars 
expressed increasing interest in natural science and engineering 
majors from 1989 to 1992. 


@ The absolute number of undergraduate degrees in engineering, 
math, and computer sciences continued to decline in 1991, but 
there was an upturn in natural science degrees in 1991 after a 
slow, decade-long decline. 


@ After declining slightly each year from 1982 to 1989, engineering 
enrollments have shown small increases since 1990. Women and 
minorities have primarily accounted for these increases. 


@ Graduate enrollments in S&E fields grew steadily at a rate of 2 percent 
per year from 1977 to 1991. Much of this growth was due to female 
and foreign students; by 1991, more than one-third of graduate S&E 
students were women and another quarter were foreign students. 


@ At the doctoral level, engineering degrees grew at a faster rate 
than any other field—6 percent annually since 1978, reaching over 
5,000 degrees in 1991. 
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S&E personnel patterns are changing. oe 


@ U.S. industrial firms employed 1.3 million engineers and 667,000 


scientists in 1992. Between 1989 and 1992, total industrial S&E 
employment increased at an average annual rate of 1.5 percent— 
considerably below the 3.6-percent rate registered during the pre- 
ceding 9-year period. 


@ Current employment patterns for scientists and engineers show 
the stress of cutbacks in defense spending, industry downsizing, 
and the global economic slowdown. Although scientists and engi- 
neers are less likely to be unemployed than other types of work- 
ers, 1992 unemployment rates are higher than those recorded a 
few years ago. In 1992, the unemployment rate for engineers was 
3.8 percent; for natural scientists, 2.3 percent; and for mathemati- 
cal and computer scientists, 2.6 percent. In comparison, the overall 
national unemployment rate was 6.7 percent. Doctoral scientists, 
however, have an extremely low unemployment rate—1.5 percent 
in 1992. 


@ Organizations that track entry-level hiring of college graduates all 
report a reduction in recruiting by employers and in the number of 
job offers made to new college graduates in the 1990s. S&E gradu- 
ates still appear to be faring better than those who majored in 
other disciplines and continue to command higher starting salaries 
than their counterparts in non-S&E fields. 


@ A nearly two-decade-long trend toward an aging academic 
research workforce is starting to reverse. “Young researchers” 
(that is, those who earned their doctoral degrees within the prior 7 
years) comprised only 25 percent of all academic researchers in 
1989, but accounted for 31 percent in 1991. The life and computer 
sciences have maintained relatively younger researcher pools 
throughout the period, while mathematics has apparently “aged” 
the most. 


@ Studies of the future S&E job market conducted by the Bureau of 
Labor Statistics yield the following conclusions for 1990-2005. 
These projections take defense downsizing into account. 


e Employment in technical occupations will grow at a faster pace 
than overall employment. 


e Employment in technology-intensive industries will grow at 
about the same rate as employment in general. 


“] don’t think that the 
long-term future is bleak at all, 
because we are going to survive 

by virtue of our scientists and 
engineers, our people who have 
good heads on their shoulders 
and exercise their brains. At the 
same time... you can’t cut your 
deficit and also hire more people... 
I’m sympathetic with the fact 
that there are enormous pressures 
in the job market.” 


JOHN GIBBONS 
Director 
Office of Science and Technology Policy 
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Overview. Science and Technology: ‘Changes and Challenges 


e Surpluses are more likely to be observed in the S&E job market 
than shortages, but the latter—especially in specific fields— 
cannot be ruled out. 


U.S. industrial R&D and technology remain competitive in some 
areas, but are being challenged by other nations. 


@ Industry is the largest performer of R&D in the United States. The 
estimated value of all R&D performed by companies in 1993 was 
$109.3 billion—or 68 percent of the total national R&D effort. 


@ R&D is highly concentrated in the United States: Eight industries 
account for over 80 percent of all industrial R&D performed in the 
country. The aircraft and communications equipment industries have 
consistently been the largest performers of R&D in the United States. 
The U.S. computer/office equipment industry—by virtue of higher 
rates of R&D performed over the past two decades—has taken over 
third place from the U.S. motor vehicle industry. In 1990, the top 
three R&D-performing industries in the United States—aircraft, com- 
munications equipment, and computer/office equipment—together 
accounted for over 50 percent of all industrial R&D performed. 


@ Since 1973, R&D performance in Japanese manufacturing indus- 
tries grew at a higher annual rate than in the United States; since 
1980, it grew faster than in all other industrialized countries. The 
top three R&D-performing industries in Japan—communications 
equipment, motor vehicles, and electrical machinery—accounted 
for about 40 percent of the Japanese national industrial R&D total. 
Rapid R&D growth in the Japanese computer/office equipment 
industry during the 1970s and 1980s has made that industry one of 
the country’s top five industry performers. 


@ The United States continues to lead all other nations in the produc- 


tion of high-tech products. However, its leadership is being chal- 
lenged by Japan, whose share of the global market for high-tech 
products steadily increased during the eighties and early nineties. 


@ Of the six industries that form the high-tech group, three U.S. 


industries—those producing scientific instruments, drugs and 
medicines, and aircraft—gained global market share during the 
1980s and maintained that market share into the early 1990s. 


@ Demand for high-tech products in the United States was increas- 


ingly met by foreign suppliers during the 1980s and into the early 
1990s. Import penetration of U.S. high-tech markets was deepest in 
the computer/office equipment industry. 
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@ Japan’s exports of high-tech products surpassed those of the 
United States and Germany in 1983 and continued to lead, by vary- 
ing margins, through 1992. Japan led the world in exports of com- 
munications equipment, computer/office equipment, electrical 
machinery, and scientific instruments in 1992. The United States 
was the leading exporter in only one high-tech industry—aircraft. 


By the mid-1980s, U.S. high-tech exports failed to keep pace with U.S. 
imports of high-tech products, producing persistent annual trade 
deficits through 1992. Trade in computer/office equipment shows 


“One new 1dea leads to another, 
that to a third, and so on through a 
course of time until some one, 
with whom none of these was 
original, combines all together, 
and produces what ts justly called a 


the greatest deficit among all the U.S. high-tech areas. Nevertheless, 
three of the six high-tech areas continue to show trade surpluses— 
aircraft, pharmaceuticals, and scientific instruments. 


new invention.” 


THOMAS JEFFERSON 


oe 


u.s. patenting activity has improved, but foreign inventors have ° 
important technical strengths. 


@ The number of U.S. patents granted to Americans has reversed its 
decline and has been increasing since 1983. Patent activity by for- 
eign inventors in the United States generally followed the U.S. 
trend, although the number of foreign-origin patents increased 
somewhat faster after 1983. 


@ Americans successfully patent their inventions around the world. 
In 1990, countries in which U.S. inventors received more patents 
than other foreign inventors included Japan, the United Kingdom, 
Canada, Mexico, Brazil, and India. 


@ International patenting in three important technologies—robot 
technology, genetic engineering, and optical fiber technology— 
underscores the inventive activity of the United States, Japan, and 
Europe in these diverse areas. Based on an examination of national 
patenting activity in 33 countries during 1980-90, Japan and the 
United States led in overall technological activity in these areas. 


@ Foreign patenting activity in the United States is highly concentrat- 
ed in a few countries. Inventors from the European Community 
and Japan account for 80 percent of all foreign-origin U.S. patents. 
Japanese inventors received 22 percent of all U.S. patents in 1991 
and 46 percent of the foreign-origin patents in the United States. 
Newly industrialized economies, in particular Taiwan and South 
Korea, dramatically increased their patenting activity in the United 
States during the last half of the 1980s. 
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@ Recent patent emphases by foreign inventors in the United States 
show widespread international focus on several commercially impor- 
tant technologies. Japanese inventors are earning patents in the infor- 
mation technologies, as are German inventors. Also, German, 
French, and British inventors are showing high activity in biotechnol- 
ogy-related patent fields. Inventors from Taiwan and South Korea are 
earning an increasing number of U.S. patents in technology fields 
related to communications and electronic components. 


Americans hold science and medicine in high regard, but do not 
consider themselves well-informed about science and technology. 


@ In 1992, approximately 80 percent of America adults believed that 
science and technology have increased our standard of living, 
enhanced our working conditions, and improved the public health. 
Throughout the last decade, at least 70 percent of Americans con- 
tinued to express the view that the benefits of scientific research 
exceed risks or harms associated with that work. 


@ Compared to citizens in Japan and the European Community, a 
larger proportion of Americans expressed a high level of interest in 
new medical discoveries. Citizens in all three regions have about 
the same high level of interest in new scientific discoveries, the use 
of new inventions and technologies, and environmental pollution. 


@ Americans continue to have a high level of interest in science and 
technology. In 1992, about a third of Americans reported that they 
were very interested in issues about “new scientific discoveries” 
and “the use of new inventions and technologies.” 


@ In contrast, in 1992, only about 12 percent of Americans thought of 
themselves as being very well-informed about issues involving new 
scientific discoveries, and 29 percent felt they were very well- 
informed about environmental pollution issues. 


@ A higher proportion of European adults than U.S. adults classify 
themselves as having a clear understanding of several important 
environmental concepts. For example, 44 percent of Europeans 
say they have a clear understanding of the hole in the ozone layer, 
compared to 30 percent of Americans. 


@ Most Americans depend on television and newspapers as their pri- 
mary source of news and information. When looking for more spe- 
cialized information, e.g., personal health information, a third of 
American adults rely on television. 
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@ About 15 percent of Americans follow science and technology 
issues in the news and try to stay up to date on these matters. 


@ Americans show some awareness of the issues of integrity and 
fraud in scientific work, but they appear to take a reasonably bal- 
anced view of the problem. Additionally, American confidence in 
the leadership of the scientific community increased over the last 
few years and remains among the highest level for professional 
groups in American society. 


“Concern for man himself and 
his fate must always form the chief 
interest of all technical endeavors .. . 
Never forget this in the midst of your 
diagrams and equations.” 


ALBERT EINSTEIN 
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Chapter 1. Elementary and Secondary Science and Mathematics Education 


GHLIGHTS 


STUDENT ACHIEVEMENT: NAEP TRENDS 


¢ 


At a time when their numbers are growing, 
minority students are underrepresented among 
students doing well in mathematics and science 
and among those who go on to pursue mathe- 
matics- and science-related careers. By the year 
2010, the school-age population is expected to be 
more than 40 percent minority. 


Increases in the average mathematics proficien- 
cy scores for 13- and 17-year-old students 
between 1978 and 1990 reflect gains among 
students who fall below the 50th percentile. The 
gains made by these students may be attributable to 
the past focus on teaching basic skills. Little or no 
progress has been made in raising the proficiency 
scores of students in the top quartiles. 


Recent trends (1990 to 1992) in mathematics 
proficiency scores show ,ains for white stu- 
dents in all grades, while black and Hispanic stu- 
dents experienced fewer gains. 


Male and female students in the 4th, 8th, and 
12th grades have equivalent mean scores in 
mathematics. However, more 12th grade males 
than females are reaching the advanced and profi- 
cient levels. The science scores of 13- and 17-year-old 
male students have remai: ed higher than those of 
female students of the same age. 


COURSETAKING 


® 


¢ 


Approximately two-thirds of white and black 
students have taken geometry or more ad- 
vanced courses, compared to just over half of 
Hispanic students. 


Research indicates that three-fourths of eventu- 
al science, mathematics, or engineering majors 
in college had different plans as high school 
sophomores or changed their minds several 
times during their academic careers. This find- 
ing suggests that educators concerned about the 
development of engineers, mathematicians, and sci- 
entists for the future need to look to other fields and 
help smooth the transition of students from one 
major to another. 


COLLEGE-BOUND STUDENTS: SAT TRENDS 


Females continue to be underrepresented among 
the highest scorers on the mathematics section 
of the Scholastic Aptitude Test (SAT). While 24 
percent of males score at or above 600, only 13 per- 
cent of females score that high. 


@ The gap between the mathematics scores on the 
SAT of whites and Asians, on the one hand, and 
black, Mexican Americans, Latin Americans, 
Puerto Ricans, and Native Americans, on the 
other hand, is very large. While the overall perfor- 
mance of blacks has improved, there is little progress 
to report in raising the number of high-scoring blacks. 


@ Asians have not only outscored all other groups 
on the mathematics portion of the SAT from 
1987 to 1992, they appear to be widening the 
gap between themselves and all other groups. 
The number of Asians scoring 750 or more doubled 
during the period. 


INTERNATIONAL COMPARISONS 


@ A longitudinal analysis of students who were test- 
ed in the earlier and later grades indicated that 
there was no evidence of improvement in the sta- 
tus of the U.S. students as they moved from Ist 
through 11th grade. The researchers concluded 
that the achievement gap is real, that it is persistent, 
and that it is unlikely to diminish until, among other 
things, there are marked changes in the attitudes and 
beliefs of U.S. parents and students about education. 


TEACHERS AND OTHER RESOURCES 


@ In 1991, women comprised 88 percent of all 
elementary school teachers and 56 percent of 
all secondary school teachers. However, women 
were less likely to be mathematics or science special- 
ists in the elementary grades or mathematics and sci- 
ence teachers in the secondary grades. 


@ The proportion of minority teachers of math 
and science is low relative to the proportion of 
minority students. Although 31 percent of the 
Nation’s students come from minority groups, only 
11 percent of high school mathematics teachers and 
only 4 percent of high school physics teachers are 
minorities. 


@ Eighth grade white and Asian students and 
eighth grade students from high socioeconomic 
status families were much more likely to be taught 
by mathematics teachers who majored in mathemat- 
ics or mathematics education than blacks, Hispanics, 
or Native Americans. 


@ The use of computers and calculators in the 
classroom is on the rise. Between 1985 and 1989 
teachers’ use of computers with their students more 
than doubled, although the number of teachers using 
computers for mathematics and science are still in 
the minority. 
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@ In a search for an explanation for racial/ethnic 
differences in school achievement, some 
researchers have pointed to the low level of 
peer support for academic excellence among 
black and Hispanic students. Researchers contin- 


Introduction 


Chapter Background 


In 1945, the Harvard Committee on the Objectives of a 
General Education in a Free Society—a committee made 
up of some of the most distinguished scientists and edu- 
cators in the country—echoed the conventional wisdom 
of the time when it recommended excluding half or 
more of the young peopie in the United States from 
advanced coursework in science 2iid mathematics. The 
committee argued that “little more than half the pupils 
enrolled in the ninth grade can derive genuine profit 
from substantial instruction in algebra...” (Harvard 
Committee 1966). 

In the ensuing half-century, attitudes (if not practice) 
have changed with regard to science and mathematics 
education at the precollegiate level. Today, reformers 
call for the popularization of high-level mathematics and 
science coursework; this reform movement is fueled by 
concerns over our Nation’s economic competitiveness, 
the quality of our workforce, society’s ability to cope with 
advanced technology, and the pipeline that produces the 
country’s scientists and engineers. The calls for more 
instruction and higher achievement in mathematics and 
science for all students are also part of a larger trend of 
expansion and inclusion in U.S. education. Since World 
War II, access to public education has dramatically 
expanded, and the curriculum has diversified along with 
the student population. 

Minority students are underrepresented among stu- 
dents doing well in mathematics and science and among 
those who go on to pursue math- and science-related 
careers. Yet the minority student population is growing 
dramatically. As of 1992, minorities made up over 30 per- 
cent of school-age youth (5 through 17 years). By 2010, 
the school-age population is expected to be more than 40 
percent minority. After 2005, more blacks than non- 
Hispanic whites are projected to be added to the popula- 
tion each year. And, after 1995, the Hispanic population 
is projected to add more people to the United States 
every yea: than any other group (Day 1992). 

Some States have already undergone the kind of rapid 
transformation into a diverse society expected for the rest 
of the country. In California, Louisiana, Hawaii, Missis- 
sippi, New Mexico, and Texas, whites currently repre- 
sent less than 50 percent of the school-age population. 

It is difficult to predict whether other recent social 
trends that have an effect on academic achievement will 


ue to debate the causes of racial/ethnic differences 
in school achievement. However, any explanation 
must take the multiple and interactive influences of 
school, family, language, and community resources 
into account. 


continue. However, increases in the number of children 
who speak a language other than English at home have 
already challenged the capacity of many schools to meet 
students’ educational needs. Between 1980 and 1990 the 
number of children who spoke a language other than 
English at home grew from 10 to 14 percent of the 5- to 
17-year-old population. 

Increases in the number of children living in poverty 
also present schools with difficult challenges. Children 
living in poverty—particularly for an extended number 
of years—have generally performed less well on 
achievement tests and other measures of achievement 
than have children from more affluent families. Today, 
every sixth family with a child under 18 is poor (DOC 
1992). There are more poor children in the United 
States today (14,341,000) than in any year since 1965 
(Children’s Defense Fund 1992). Many of those poor 
children are concentrated in big cities and rural states. 
For example, Detroit, Laredo (lexas), and New 
Orleans have child poverty rates above 46 percent. 
About one-third of all children in Mississippi and 
Louisiana live in poverty. Every other black preschool- 
er in the country is poor, and two out of three pre- 
schoolers from any background are poor if they live in 
a female-headed family. 

Raising the mathematics and science achievement of 
all groups is an important ingredient in meeting the chal- 
lenges of the next century. This chapter on precollegiate 
mathematics and science education examines indicators 
of progress—or lack of progress. Unlike most previous 
Science & Engineering Indicators chapters on this topic 
(and, indeed, unlike other reports on education indica- 
tors), the present chapter focuses on the full distribution 
of achievement of all groups. Thus, the chapter explores 
trends among low-achieving and high-achieving stu- 
dents, not just mean scores. 


Chapter Organization 


The chapter begins with an examination of trends in 
academic achievement over time. It then explores trends 
in student persistence in mathematics and science cours- 
es, and trends in the academic achievement of college- 
bound students. Particular attention is paid to the perfor- 
mance of high-achieving students and those most likely 
to pursue degrees in science or mathematics. Next, the 
chapter includes a brief review of international compar- 
isons of academic achievement. Whenever possible, the 
distribution of academic achievement is examined and 
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the more complex story of how various groups of stu- 
dents are doing at all levels of achievement is told. 

The chapter next presents data and issues on teachers 
and teaching. Included here is a discussion of questions 
about the supply, demand, and quality of science and 
mathematics teachers. International comparisons high- 
light characteristics of teachers and teaching that may 
be associated with higher science and mathematics 
achievement. An examination of curriculum and instruc- 
tion issues follows, also usiiig international comparisons 
to highlight effective practices. The section discusses 
the availability and use of resources as well as the dis- 
crepancies between common classroom practice and 
reform goals. 

The chapter continues with an examination of out-of- 
school learning in mathematics and science. It then 
turns to an examination of the role of new testing instru- 
ments in improving precollegiate mathematics and sci- 
ence education, and concludes with a brief review of cur- 
rent policy initiatives. 


Student Achievement 


Although tests of mathematics and science achieve- 
ment have been criticized for providing an incomplete 
picture of students’ knowledge and skills (NCTM 19839),' 
they remain a primary indicator of the state of mathemat- 
ics and science education.” This section examines results 
of the National Assessment of Educational Progress 
(NAEP) and re-analyzes trends in the distribution of 
achievement. 

Several other indicators of student achievement are 
addressed in this section as well. The section examines 
how student persistence in science and mathematics 
courses, and student attitudes toward science and math, 
affect achievement. Next, Scholastic Aptitude Test (SAT) 
data are used to examine trends for students who intend 
to go to college. The section concludes with a discussion 
of recent international comparisons of achievement. 


‘Moreover, although test results do suggest some trends in the aca- 
demic achievement of various groups of students, they only contribute 
a small amount of the information needed to guide improvement in 
mathematics and science education. For further discussion of this 
topic, see “Improvements in Assessing Achievement,” at the end of this 
chapter. 

‘Because NAEP only tests students who are in school at ages 9, 13, 
and 17, caution is advised in interpreting the data. By age 17, blacks, 
Native Americans, and Hispanics drop out of school at a higher rate 
than do whites and Asians. The picture is further clouded by the fact 
that large numbers of Hispanic students, especially migrants, drop out 
as early as age 13. Also, because it is a “low-stakes” test, older students 
may not perform as well as they could on the NAEP tests. 

The NAEP sample size is too small for a complete analysis of Native 
American, Asian, or the various groups within the Hispanic category. 
In addition, NAEP does not include much information about socioeco- 
nomic status. Despite these limitations, it is probably the best indicator 
of the mathematics and science achievement of U.S. students (Koretz 
1991) because it uses a carefully selected random sample and is 
designed to represent what U.S. students are supposed to know. 


NAEP: An indicator of Student Achievement 


NAEP is the Federal Government's primary indicator of 
the Nation's educational achievement, and has been 
used to monitor student achievement in mathematics, 
science, reading, writing, and other subjects for nearly 
20 years.’ The NAEP tests are “low-stakes” ones: students 
are randomly selected for participation in NAEP testing, 
and their performance is not individually scored. (See 
“Student Motivation and NAEP Achievement.”) The 
most recent mathematics NAEP was administered in 
1992, and its results are reported on later in this section. 
The results from the 1990 assessments in mathematics 
and science tests allowed NAEP to perform a 17-year 
trend analysis in math, and a 20-year trend analysis in 
science (ETS 1991b.). The results of these trend analyses 
are discussed below.’ 


Trends in NAEP Mathematics and Science Test 
Achievement 


Average Proficiency Scores. Average mathematics 
proficiency scores (see appendix table 1-9) for 9-year-old 
students experienced significant gains since the early 
1970s. Scores for 9-year-old students remained stable in 
the 1970s and increased significantly (11 points) between 
1982 and 1990. Scores for 13-year-olds improved slightly 
after 1978 to surpass the 1973 level; scores for 17-year- 
olds decreased between 1973 and 1982, and ther »y 1990, 
regained the ground they had lost. 

Average proficiency scores in science (see appendix 


The mathematics NAEP was first conducted in 1972/73; it was then 
conducted every 4 years between 1977/78 and 1989/90, and the most 
recent math NAEP was administered in 1992. The science NAEP, which 
began in 1969/70, has followed the same schedule as the mathematics 
NAEP since 1982; it was not conducted in 1992. 

The 1990 NAEP included a Trial State Assessment Program that 
assessed mathematics achievement of eighth grade public school stu- 
dents. Thirty-seven States plus the District of Columbia, Guam, and 
the U.S. Virgin Islands volunteered to participate in this program. The 
1992 mathematics NAEP included a somewhat expanded state assess- 
ment component; this tested fourth and eighth grade students in 41 
States plus the District of Columbia, Guam, and the U.s. Virgin Islands. 

‘The NAEP achievement scales range from 0 to 500 for both mathe- 
matics and science, but the scales are not equivalent. Within each sub- 
ject, the scales permit comparison among groups, such as grades or 
demographic subgroups. The 1990 mathematics scale was computed 
using a weighted composite of proficiency on the five content area sub- 
scales: numbers and operations; measurement; geometry; data analy- 
sis, statistics, and probability; and algebra and functions (ETS 1991a). 
To help interpret the 0-500 point scale, NAEP developed characteriza- 
tions of two scales—the 1990 mathematics scale and the trend scale— 
using proficiency levels which represent five anchor points on the 500- 
point scale (Research, Evaluation, and Dissemination Division 1993). 
The discussions in this chapter refer to the trend scale. The anchor 
descriptions can be found in appendix table 1-10. 

The science scale was computed using a weighted composite of profi- 
ciency in the following four content area subscales: life sciences, physi- 
cal sciences, earth and space sciences, and nature of science (NCES 
1992e). To help interpret the 0 to 500 point scale for science, NAEP 
developed descriptions associated with each level that can be used as 
guides to performances typical of students at each level. The descrip 
tions of these anchor points can be found in appendix table 1-12. 
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Because the NAEP tests are “low-stakes tests,” some 
researchers have argued that the results do not yield 
an accurate picture of students’ academic achieve- 
ment. The 1992 NAEP mathematics assessment added 
a section of followup questions to try to determine stu- 
dent motivation for doing well on the test. (See figure 
1-1.) In general, the data collected indicate that the 
scores of older students should be viewed with some 
caution, but overall the impact of any lack of motiva- 
tion of NAEP test scores remains unknown. 

Nearly half (45 percent) of grade 12 students and 20 
percent of grade 8 students reported that they did not 
try as hard on the math NAEP test as they did on other 
math tests taken in school that year. In contrast, only 10 
percent of grade 4 students reported not trying as hard. 


Similarly, 31 percent of grade 12 students and 13 per- 
cent of grade 8 students reported that it was not very 


important for them to perform well on the test, while 
only 4 percent of grade 4 students felt the same way. 
Thus, a significant number of older students may not 
be motivated to do well on tests like NAEP, and their 
scores may reflect this lack of motivation. However, 
those 12th grade students who reported that they did 
not try as hard on the NAEP math test as they did on 
other math tests actually scored an average of 27 points 
higher than students who reported that they tried 
much harder and 21 points higher than students who 
reported that they tried harder than on other tests. 
Although large numbers of older students reported a 
reduced effort, 55 percent of grade 12 students, 79 per- 


Student Motivation and NAEP Achievement 


cent of grade 8 students, «ind 90 percent of grade 4 stu- 
dents reported that they tried at least as hard or harder 
on the NAEP math test compared with other math tests 
taken in school. Thus, while some students probably 
could have tried harder and scored higher, the majority 
of students reported making a reasonable effort. 


Students reporting 
Students that it was very important 
that they tried much harder to perform well 


sees (te 
ojo 


Grade 4 


0 10 20 30 40 50 60 70 
Percent 


70 60 50 40 30 20 10 0 
Percent 


NOTE: Students were asked how hard they tried on the NAEP math 
test compared to other math tests taken that year in school. 
They were also asked how important they felt it was to perform well on 
the NAEP math test. 
See appendix tables 1-1 and 1-2. 
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table 1-9) fell in the 1970s, then began to rise after 1977 
for students at ages 9 and 13. By 1990, the average 
scores of students in both of these age groups had 
returned to their 1970 levels. Scores for students at age 
17 continued to drop until 1982—a 22-point drop over the 
period—then regained some ground. Their scores in 
1990 remained still significantly below the 1970 level (15 
points). 


Distributions of Average Proficiency Scores. 
Although average proficiency scores provide an overall 
picture of achievement trends since 1970 for science and 
since 1973 for mathematics, examining the trends across 
the distribution of students provides more information. 

For all three age groups, average mathematics profi- 
ciency scores for students below the 50th percentile 
increased significantly more than for students above the 
50th percentile between 1978 and 1990. For example, at 
age 17, the average for students in the 5th percentile 
increased by 12 points while the average score for stu- 
dents in the 95th percentile remained constant between 
1978 and 1990. (See figure 1-2.) The differences for 13- 


year-old students are more dramatic. The average score 
for students in the 5th percentile increased by 20 points 
while the scores for the 95th percentile decreased by 7 
points between 1978 and 1990. The differences for the 
youngest students are not as large. These trends indi- 
cate that the differences between the top and bottom stu- 
dents are narrowing somewhat (the difference remains 
at 102 points for 13- and 17-year-olds) and that any 
increases in the average mathematics proficiency scores 
for 13- and 17-year-old students are occurring among stu- 
dents who fall below the 50th percentile. The gains made 
by these students may be attributable to the past focus 
on teaching basic skills. 

The distributions in science proficiency scores for age 9 
and age 13 students are similar to those in mathematics, 
but the trends for 17-year-olds break the pattern. At age 
9 and 13, the average score for students in the 5th per- 
centile increased 16 and 17 points, respectively. Scores 
at the 95th percentile experienced little, if any, change 
between 1977 and 1990. The average scores for high 
school students (age 17) mover at the same rate across 
the distribution; the average score at each percentile 
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See appendix tables 1-3, 1-4, and 1-5. 


decreased until 1982, then slowly reached the initial 1977 
level by 1990. (See figure 1-3.) 


Proficiency Levels. The NAEP trend data also provide 
a look at shifts in the percentage of studen)s who reach 
each proficiency level. (See appendix tables 1-10 and 1-12 
for the mathematics and science proficiency level descrip- 
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tions used through 1990.) In mathematics, students at age 
17 have shifted slightly from lower to higher levels of 
mathematics. Between 1978 and 1990, fewer 17-year-old 
students scored only at level 200 where they were devel- 
oping an understanding of addition and subtraction; a 


greater percentage of students demonstrated proficiency 
in the use of decimals, fractions, percents, geometric fig- 
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See appendix tables 1-6, 1-7, and 1-8. 


ures, and graphs (level 300). However, the percentage of 
students who could solve problems in algebra and geome- 
try did not change (level 350). In science, no real shifts 
occurred. (See appendix table 1-11.) 
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Trends in Achievement by Sex 


Mathematics Proficiency Scores. The gap between 
males and females in mathematics scores at age 17, nar- 
rowing since 1973, has disappeared. (See appendix table 
1-9.) Scores for both males and females at this age 
decreased in the 1970s and returned to the 1973 levels 
by 1990. Since 1973, no gap between 9 and 13-year-old 
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males and females has existed and scores for both sexes 
have increased. Males and females at age 9 had the 
greatest gains (approximately 10 points each) and 15- 
year-old males gained 6 points. Only 13-year-old females 
made no real improvement over the 1973 scores. 


Science Proficiency Scores. |n science, the average 
proficiency scores for both sexes followed the trends of 
the overall population: declines in the 1970s followed by 
increases in the 1980s. At age 13, both males and 
females declined in the 1970s, but increased in the 
1980s; for both sexes, the 1990 scores were about the 
same as in 1970. The gap between the sexes in science 
has been maintained since 1970 for 13- and 17-year-old 
students; only at age 9 is there no such gap. Although 
females have made gains since 1982, these were not suf- 
ficient to eliminate the score difference between the 
Sexes. 


Proficiency Levels. Males at age 17 have experi- 
enced no shifts from lower to higher levels of achieve- 
ment in mathematics, but at age 13, they show a pro- 
nounced increase (approximately 10 percentage points) 
in the percentage that can use multiplication and division 
to solve problems (level 250). (See appendix tables 1-'9 
and 1-11.) A larger percentage of females at age 17 can 
use fractions and decimals (level 300) than could in 
1978, but the proportion that could solve algebra and 
geometry problems (level 350) did not change. As with 
the males, the percentage of 13-year-old females who can 
use multiplication and division to solve problems (level 
250) increased by nearly 10 percent. 

In science, neither male nor female 17-year-olds expe- 
rienced shifts from lower to higher levels of achieve- 
ment. (See appendix tables 1-12 and 1-13.) However, a 
greater percentage of 13-year-olds of both sexes were 
able to apply and interpret general scientific information 
(level 250). 


Trends in Achievement by Race/Ethnicity 


Mathematics Proficiency Scores. Trends in mathe- 
matics proficiency scores show stability for white stu- 
dents and improvement for black and Hispanic students. 
Scores for black students have improved significantly 
(about 20 points) since 1973 for students at ages 9, 13, 
and 17. Younger Hispanic students (age 9 and 13) and 
white students (age 9) also experienced gains in their 
average mathematics proficiency scores while scores for 
the older students remained almost constant. 


Science Proficiency Scores. The trends in science 
are less positive. Scores for white students declined for 
all age groups until 1982, then rebounded for the 
younger students (ages 9 and 13). Although scores for 
17-year-old white students also increased after 1982, 
their scores remained significantly (11 points) below the 
1970 level. Scores for black and Hispanic students at age 


17 also declined until 1982 but returned to their original 
level. Only younger black and Hispanic students (age 9 
for both and age 13 for Hispanic) experienced real 
growth over the 1970's scores. Although the average 
proficiency scores for minority 17-year-old students have 
been increasing in mathematics and have returned to the 
1970 level in science, the gap between white and minori- 
ty students in both subjects remains significant. 


Distributions of Average Proficiency Scores. 
Each age and racial/ethnic group—except 17-year-old 
Hispanics—has experienced a narrowing in the gap 
between the highest and lowest achieving students in 
mathematics. (See figure 1-2.) 

The most striking change occurs for black students. 
Blacks have large increases in average proficiency over- 
all; this increase is especially noticeable among those 
students below the 50th percentile. Average scores for 
13--ar-old black students at the 5th percentile increased 
by 32 points since 1978, while scores at the 95th per- 
centile showed no noticeable improvement (after 
accounting for standard error). For black students at 
ages 9 and 17, the differences in gains between the 5th 
and 95th percentiles were approximately 11 points each. 

Scores for white students of all ages at the 5th per- 
centile also grew more rapidly than scores for those at 
the 95th percentile. The most noteworthy example of 
this is for 13-year-olds, whose scores for the 5th per- 
centile increased by 16 points, compared to a 7-point 
decrease for students at the 95th percentile. 

The scores for Hispanic students varied little at age 
17, with more striking gains for the 9- and 13-year-old 
age groups. The difference in gains between the 5th and 
95th percentile for Hispanic 9-year-olds was 15 points; it 
was 19 points for 13-year-olds. 

In science, as in mathematics, the most striking 
changes were for 13-year-old students. (See figure 1-3.) 
For black and Hispanic students, the gains for students 
at the 5th and 25th percentiles were the largest (26 and 
21 points, respectively, for blacks; and 27 and 20 points, 
respectively, for Hispanics), compared to no gains at the 
95th percentile and smaller gains (14 and 16 points, 
respectively) at the 75th percentile.’ White students 
made large gains at the 5th (18 points) and 25th per- 
centiles (12 points)—particularly when taking into con- 
sideration that there was only a 4-point gain at the 75th 
percentile and no real movement at the 95th percentile. 
The differences in the gains for top and bottom students 
at age 9 were also noteworthy, but the 17-year-old white 
and Hispanic students experienced no real change at 
any level in the distribution. Black 17-year-olds did not 


Although there appears to be an &point gain for blacks and a 12- 
point gain for Hispanics at the 95th percentile, the standard errors are 
sufficiently large to prevent reporting these as real gains. 
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exhibit this trend: Their scores improved only at the 
50th and 75th percentiles." 


Proficiency Levels. Some shifts from lower to higher 
levels of proficiency are apparent when examining the 
percentage of students reaching each level of proficien- 
cy. (See appendix tables 1-10, 1-11, 1-12, and 1-13.) In 
mathematics, 13- and 17-year-old black students have 
experienced the largest shifts from accomplishing the 
basic mathematics tasks to accomplishing more interme- 
diate tasks. The percentage of 13-year-old black students 
who can use multiplication and division to solve prob- 
lems (level 250) increased from 26 percent in 1978 to 45 
percent in 1990, and the number of 17-year-olds who can 
do the same increased by 5 percent. In addition, 15 per- 
cent more 17-year-old black students demonstrated profi- 
ciency in the use of decimals, fractions, percents, geo- 
metric figures, and graphs (level 300) compared to 6 per- 
cent more white students. The number of 13-year-old 
white and Hispanic students who can use multiplication 
and division to solve problems (level 250) increased by 
10 and 18 points, respectively. 

Reflecting the trends of the overall population, shifts 
in science were minimal at age 17. Slightly more black 
students were able to apply and interpret general scien- 
tific information (level 250); white and Hispanic students 
experienced no shifts. The percentages of Hispanic and 
black students who have the scientific knowledge to inte- 
grate scientific information and draw conclusions (level 
350) remained low. At age 13, the shifts to higher levels 
of achievement were more pronounced: Each racial/eth- 
nic group had a real shift in the percentage of students 
who could understand and apply general information 
from life and physical sciences (level 250). 


Mathematics Achievement in 1992 


Proficiency Versus Achievement Levels. The find- 
ings from the 1992 mathematics NAEP used some of the 
Same assessment items as were used in 1990 to allow for 
measuring trends; additional assessment items were also 
developed to reflect improvements in the methods of 
assessing mathematical achievement.’ Specifically, the 
1992 assessment was expanded to include geometric 
manipulatives and questions requiring students to 
demonstrate—through writing and diagrams—their 
mathematical reasoning and problem-solving abilities. 
The 1992 definition of proficiency at each anchor level 
reflects this change in the assessment. (See appendix 
table 1-14.) 

Data from the 1992 mathematics NAEP have also been 
analyzed in terms of newly established “achievement lev- 
els,” or standards of student performance (NCES 1993d). 


‘Although there appear to be large gains at the 5th, 25th, and 95th 
percentiles, the standard errors are sufficiently large to prevent report- 
ing these as real gains. 

‘The 1992 NAEP was released in April 1993. 
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The proficiency levels (in appendix table 1-14) describe 
what students know and can do; the achievement levels 
describe what students should know and should be able 
to do (NCES 1993c). The achievement levels were created 
by the National Assessment Governing Board in an 
attempt to characterize the student performance needed 
to attain basic, proficient (“solid academic achieve- 
ment”), or advanced levels at grades 4, 8, and 12 (NCES 
1993d). These levels are defined for each grade level in 
appendix tables 1-15, 1-16, and 1-17. 


Overview of 1992 Achievement. Overall, average 
student proficiency increased at each grade level by 5 
points between 1990 and 1992. The proportion of 4th 
grade students who performed at or above level 200 
(addition, subtraction, and simple problem solving) and 
level 250 (multiplication, division, and simple measure- 
ment) increased by 5 percentage points; the percentage 
of 8th grade students who performed at or above level 
300 (fractions, decimals, and percents) increased by 5 
percentage points; and the percentage of 12th grade stu- 
dents who performed at or above levels 250 and 300 
increased by 3 and 5 percentage points, respectively. No 
real movement occurred at the more advanced proficien- 
cy levels. (See appendix table 1-14.) 

In terms of achievement levels, the number of students 
who scored below the basic level in 1990 declined by at 
least 5 percentage points at each grade. Concurrently, 
the percentage of students in 4th and 12th grades who 
achieved the basic—and in all grades who achieved the 
proficient level—increased. There was no change 
between 1990 and 1992 in the proportion of students 
who reached the advanced level. (See text table 1-1.) 


Achievement by Sex. Mathematics performance by 
both male and female students at all grades increased by 
4 to 6 points over the 1990 scores. These increases do 
not reflect an increase in the percentage of students 
reaching the advanced level. There was no movement in 
the percentage of 12th grade male or female students 
who reached any of the achievement levels. Eighth 
grade females and fourth grade males experienced an 
increase in the percent of students reaching the profi- 
cient level, and fourth grade males and females experi- 
enced an increase in the percent who reached the basic 
level. (See figure 1-4.) 

A difference by sex for grade 12 does exist, with male 
students scoring higher than females. This difference 
does not extend to grades 4 or 8. More 12th grade males 
than females are reaching the advanced and proficient 
levels, but about the same percentages of 4th and 8th 
grade males and females are reaching the proficient 
level. 


Achievement by Race/Ethnicity. The average profi- 
ciency scores for white students increased in all grades, 
and the percentage of whites reaching or surpassing 
basic and proficient levels increased for grades 4 and 8. 
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Text table 1-1. 


National average mathematics proficiency score and achievement levels, by grade 


Achievement level’ 


Grade Average score Advanced Proficient Basic Below basic 
Percent 

OR aa a a iS ae ae er 213 1 12 41 46 
ee ee 218 2 16 43 39 

Se eee aa 263 2 18 38 42 
0 rr ae 268 4 21 38 37 

i i ak anal Serer 294 2 11 46 41 
ey ee 299 2 14 48 36 


‘Data are for the percentage who reached but did not surpass the given level. 
See appendix tables 1-15, 1-16, and 1-17. 


Minorities, on the other hand, experienced fewer gains: 
In fact, there was no real difference at all in minorities’ 
proficiency scores or achievement levels for grades 4 
and 8. However, there was a significant increase at grade 
12 in average proficiency scores for Hispanic and black 
students: these increased 7 points each. 

Few students from any racial/ethnic group reached 
the advanced level of achievement, but larger percent- 
ages of Asians and whites reached this level than of stu- 
dents in the other racial/ethnic groups. Although Asians 
and whites also reached the proficient level in greater 
numbers than did the other students, only among eighth 
grade Asians did the proportion of students scoring at 
this level rise above one-third. Relatively few (under 10 
percent) of the students in the other racial/ethnic 
groups reached the proficient achievement level, while 
over 50 percent of these students scored below the basic 
level. (See appendix tables 1-15, 1-16, and 1-17.) 


Student Persistence in Math and Science Courses* 


Several studies have demonstrated a strong correla- 
tion between achievement scores and the number and 
level of courses taken. This correlation holds particularly 
true for science and math: The greater the number and 
the more advanced level of mathematics and scietice 


‘The data in this section are taken from the Longitudinal Study of 
American Youth (LSAY) and the National Education Longitudinal Study 
of 1988 (NELS:88). Beginning in fall 1987, LSAY has collected data from 
approximately 3,000 7th and 3,000 10th grade students regarding their 
science and mathematics attitudes, achievement, and career plans. In 
addition to student achievement tests and attitudinal questionnaires, 
information has been collected each year from each student's mathe- 
matics and science teachers and from one parent. NELS:88 surveyed 
24,599 students in grade 8 and their parents, teachers, and school 
administrators. The students were administered tests of their knowl- 
edge of eighth grade science and mathematics and other subjects. The 
sampled subjects are being followed every 2 years through college and 
beyond to learn about their progress in school, their aspirations, their 
employment, and factors that affect their ability to complete their edu- 
cation. 
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Figure 1-4. 
Average achievement levels on the NAEP 
math test: 1992 
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Grade 12 
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See appendix tables 1-15 to 1-17. 
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classes a student takes equates—on average—to higher 
scores on achievement tests. (See figure 1-5.) However, 
data from the NELS:88 first followup indicate that more 
advanced levels of coursetaking in mathematics may not 
always correlate to higher achievement levels. (See 


Science & Engineering Indicators — 1993 


Findings from the NELS:88 first followup survey indi- 
cate that advanced classes will only lead to improved 
achievement scores 


@ if students have a strong mathematical background, 
or 


@ if students are taking courses appropriate to their 
level of proficiency. 


More specifically, the data’ show that students who 
were not proficient at decimals, fractions, and roots in 
the 8th grade were equally likely by the 10th grade to 
be proficient on these items and on simple and com- 
plex problem solving regardless of whether they took 
geometry, algebra II, trigonometry or precalculus. 
Additionally, students who took these courses were 
five times more likely to be proficient in simple and 
complex problem solving than those who took only 
algebra I. On the other hand, students who were 
already proficient in simple problem solving in the 
eighth grade were significantly more likely to be profi- 
cient in advanced problem solving if they took 
trigonometry than if they took algebra I, geometry 
and/or algebra II. (See figure 1-5.) 


*Data on coursetaking is based on student reports of their course- 
taking patterns. Some students may have misrepresented the cours- 
es they have taken due, in part, to changes in schedule, failing the 
course, or different course names. 


Math Coursetaking and Achievement: New Findings From NELS:88 


Figure 1-5. 
Percentage of 10th grade students who are 


proficient at complex problem solving, by 8th 
grade proficiency assessment and courses taken 


Percentage of 10th graders proficient at complex problem solving 
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“Math Coursetaking and Achievement: New Findings 
From NELS:?8.”) 

According to the High School and Beyond Study of 
1986,"° mathematics was the subject most sensitive to 
school completion and further coursetaking (Secada 
1992). And, according to the 1990 High School Transcript 
Study conducted by the National Center for Education 
Statistics, more students were taking more advanced 
courses in 1990 than in 1982. (See text table 1-2.) 

According to a recent College Board study, geometry, 
the “gatekeeper” for college enrollment, was completed 
by 93 percent of college-bound seniors (NCES 1992b). 
However, of both college- and noncollege-bound seniors, 
approximately two-thirds completed a geometry course 


“The High School and Beyond Study is a national longitudinal sur- 
vey conducted by the National Center for Education Statistics to cap- 
ture changes in educational conditions, federal and state programs, 
students’ school experiences, an/ future educational and occupational 
goals and plans. The study began in 1980 with a total of 58,270 stu- 
dents in grades 10 and 12; four followup studies (in 1982, 1984, 1986, 
and 1992) were subsequently completed. Survey instruments included 
student questionnaires with cognitive tests, school administrator and 
parent questionnaires, and a teacher comment checklist. 


or above. Data from the 1990 NAEP indicated that, nation- 
ally, 67 percent of 17-year-olds had taken geometry or 
higher and fewer than 10 percent reported that they had 
taken precalculus or calculus (NCES 1992b). Findings 
from the 1990 High School Transcript Study corroborate 
these findings. 

There is little difference between the percentages of 
white and black 17-year-old students who are taking 
these more advanced mathematics courses, and signifi- 
cantly fewer Hispanic students take the courses. 
Approximately two-thirds of white and black students 
have taken geometry or higher, compared to just over 
half of Hispanic students. However, the average achieve- 
ment scores for white students are significantly (over 20 
points) above both black and Hispanic students’ average 
achievement scores. This may be due to the fact that 
white students are placed in higher level mathematics 
classes while in the middle schools so they have more 
opportunity to develop a strong background in mathe- 
matics. According to NELS:88 data, eighth grade minori- 
ty students were placed in lower level mathematics 
classes at a rate much higher than their white peers. 
For example, black and Hispanic eighth grade students 
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Text table 1-2. 
Trends in mathematics coursetaking 


Student enrollment 


Course 1982 1987 1990 
- Percent 

I a ee a wy a bint 65 76 77 

ee 35 47 49 

Geometry............. 46 61 65 

Pa 5 6 7 


SOURCE: National Center for Education Statistics, 1990 High School 
Transcriot Study, January 1993. 
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were nearly twice as likely as white students to be placed 
in remedial mathematics classes (NCES 1992f). 

In science, enrollments in biology increased between 
1982 and 1990 by 17 an’! 19 percent in chemistry. Ninety- 
two percent of graduates had taken biology, while 50 
percent had taken chemistry. However, only 21 percent 
of graduates took physics. (See text table 1-3.) The 
coursetaking patterns differ little by sex, but there are 
differences by race/ethnicity. Only in physics does the 
pattern differ for males and females; a greater proportion 
of males than females have taken physics (25 and 18 per- 
cent, respectively). Asian graduates have taken chem- 
istry and physics at a much higher rate than their coun- 
terparts (64 percent of Asians took chemistry, and 38 
percent took physics). These were followed by white stu- 
dents (52 percent of whom took chemistry, and 23 per- 
cent of whom took physics). Approximately 40 percent of 
black and Hispanic students have taken chemistry by 
graduation, and fewer than 15 percent have taken 
physics. 


Student Attitudes Toward Math and Science 


Student attitudes toward mathematics and science— 
and their understanding of the relevance of these sub- 
jects to their future aspirations—affect students’ enthusi- 
asm for studying math and science, and help determine 
whether they will continue on to more advanced studies 
in these fields. (For a new perspective on this issue, see 
“Student SME Intentions Change Over Time.”) In addi- 
tion, counseling from teachers can determine whether 
students will take the more advanced courses. 

One explanation of why so few students are taking 
advanced courses in science and math may be the low lev- 
els of students who think these courses are necessary for 
their planned careers. Relatively few students seem to 
understand the relationship between advanced math and 
science courses and careers in science, engineering, or 
the health professions. Data from the Longitudinal Study 
of American Youth (LSAY) show that in 1990, 28 percent of 
all seniors who were not enrolled in a mathematics or sci- 
ence course that semester did not feel that they needed 


Text table 1-3. 
Trends in science coursetaking 


Student enrollment 
Course 1982 1987 1990 


—e Percent on 
ns + er eeievnress 75 88 92 
Chemistry............. 31 45 50 
. —CERRUEEERESEEEe 14 20 21 


NOTE: Data represent percentage of 17-year-old students who have 
studied these subjects for 1 year or more. 


SOURCE: National Center for Education Statistics, 1990 High School 
Transcript Study, January 1993. 
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advanced mathematics for what they plan to do in the 
future, and 39 percent of these seniors said they would 
not need advanced science." In addition, approximately 30 
percent of these students were advised by teachers and 
counselors that they did not need to take any more mathe- 
matics or science. 

Even among students who expect to become scien- 
tists, the proportion who believe that advanced mathe- 
matics or science is necessary to their careers is below 
75 percent. Of those 12th grade students who plan to 
become scientists, less than two-thirds said they needed 
specific advanced mathematics and science courses in 
high school. Slightly more students who planned to 
become engineers knew they needed the advanced 
mathematics and science courses. (See text table 1-4.) 

Between 1978 and 1990, student beliefs regarding the 
relevance of mathematics and science coursework to their 
lives and careers changed only slightly. (See text table 
1-5.) The proportion of 17-year-old students indicating that 
they would like to take more mathematics classes 
remained constant during this period, as did the propor- 
tion of 17-year-olds who felt they were good at this sub- 
ject. Interestingly, among 13-year-olds, the proportion that 
wanted to take more math classes decreased by 7 percent, 
while the proportion that felt they were good at math 
increased by 6 percent (ETS 1991). The percentage of stu- 
dents indicating that they were taking mathematics “only 
because I have to” stayed the same for both age groups 
from 1978 to 1990. In science, over half of the 17-year-olds 
surveyed felt that what they learned in science classes is 
useful in everyday life; nearly two-thirds felt that what 
they learned in science classes will be useful in the future. 
These numbers were constant from 1978 to 1990. 

Yet student attitudes toward mathematics and science 
are generally positive. The LSAY data indicate that most 
students enjoy studying mathematics and science as 
much as they do studying English and social studies. 
Students at all levels of coursework and achievement 


‘See appendix tables 2-15 and 2-16 for more information on this 
point. 
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Educators have long assumed that college students 
who major in science, mathematics, or engineering 
(SME) are made up of a core of students who became 
interested in these fields early on. However, data 
drawn from the 1986 third followup of the High School 
and Beyond 1980 sophomore cohort suggest that com- 
paratively few students stay with their early interests. 
(See figure 1-6.) Only 18 percent of the high school 
sophomores who said in 1980 that they planned an 
SME major remained in SME by 1986. (Students who 
were sophomores in 1980 would, presumably, be col- 
lege seniors by 1986 if they continued directly from 
high school through college.) Thus, 82 percent of SME 


Student SME Intentions Change Over Time 


Figure 1-6. 
hatter they | 1980 high school who indicated in 1980, 1982, 1984, and 1986 
whether had plans to enter SME as their field of study 
1980 1982 1984 1986 
High school High school College College 
sophomores 


majors had different plans as high school sophomores 
or changed their minds several times during their aca- 
demic careers. Nearly 60 percent of those who eventu- 
ally went on to major in SME had no plans to do so 
when they were high school sophomores. Indeed, 
nearly as many students decided to major in SME after 
their sophomore year of college as stayed with a deci- 
sion to major in SME as high school sophomores. This 
finding suggests that educators concerned about the 
development of engineers, mathematicians, and scien- 
tists for the future need to look to other fields and help 
smooth the transition of students from one major to 
another. 


 — Don't plan to 
study SME 
84.4% 


NOTE: SME = Science, mathematics, or engineering. 
SOURCE: T. B. Hoffer, “Career Choice Models 
American Educational Research Association, April 
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Text table 1—4. 
High school seniors who feel they need advanced 
mathematics and science courses for a planned 


career in science or engineering 
Planning a career in 

Course Science Engineering 

—— Ponsent—— 
Ee 57 72 
Geometry.................. 49 71 
Trigonometry ............... 66 74 
tha dd eh seas eee 52 78 
ne 59 26 
Chemistry.................. 57 58 
re 63 81 


SOURCES: J. D. Miller, et al., Longitudinal Study of American Youth 
Codebook (Dekalb, IL: Social Science Research Institute, Northern 
Illinois University, 1992); and unpublished tabulations. 
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Text table 1-5. 
Student attitudes toward mathematics and science 
Agree or strongly agree 
Statement Age 13 Age 17 
— Percent— 

| would like to take more ae 50 39 

mathematics. 1990........ 43° 37 

| am taking mathematics 1978........ 29 27 

only because | have to. l 28 27 

| am good at mathematics. ee 65 54 
1990........ 71° 58 

Much of what you learn 

in science classes is useful ) ae 58 53 

in everyday life. 1990........ 52° 52 

Much of what you learn in 

science classes will be ar 75 65 

useful in the future. 1990........ 72 66 


NOTE: “= statistically significant difference between 1977/78 and 1990. 

SOURCE: Educational Testing Service, Trends in Academic Progress 

(Washington, DC: National Center for Education Statistics, 1991). 
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find mathematics and science courses to be much more 
challenging than English or social studies courses. The 
NELS:88 data show that over half (57 percent) of eighth 
grade students look forward to mathematics class, and 
63 percent look forward to science class. Nearly 90 per- 
cent of these eighth graders felt that mathematics is 
important to their future, and 70 percent felt that science 
is important to their future. 


Trends Among Higher Achieving Students: 
SAT Scores 


The Scholastic Aptitude Test is taken by many college- 
bound seniors; as such, it measures the mathematics 
and verbal skills of the Nation’s high-achieving students. 
The SAT is, however, a rather limited indicator of 
achievement. It measures a narrow range of academical- 
ly oriented skills, does not test a national sample of stu- 
dents, and has been accused of being racially and sexual- 
ly biased. Also, it is a multiple choice test; later in this 
chapter, the utility of such tests is challenged. (See 
“Improvements in Assessing Achievement.”) Despite 
these concerns, the SAT scores have been shown to be a 
good predictor of students’ college success. Test scores 
are better at predicting academic success at selective 
universities than any other criteria (Klitgaard 1984). SAT 
results are particularly useful predictors of success 
because they allow for examination of the full distribu- 
tion of test-takers, as well as by such factors as race, sex, 
and socioeconomic status. 


Scores by Sex. In 1992, more females than males 
took the SAT; however, the mean score for males was 43 
points higher than that for females. (See figure 1-7.) In 
addition, females are underrepresented among the high- 
est scorers. While 24 percent of males scored at or above 
600 on the math SAT, only 13 percent of women scored 
that high. At first glance, this gap seems inconsistent 
with the smaller gaps found in the by-sex comparisons. 
In part, this difference may stem from the very nature of 
the tests themselves: NAEP identifies trends in academic 
progress, while the SAT predicts college performance. 


Figure 1-7. 
Distribution of math SAT scores, by sex: 1992 
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More importantly, NAEP does not ask questions requir- 
ing advanced mathematics skills and therefore does not 
differentiate among the highest achieving students. The 
SAT requires more advanced skills, but is still somewhat 
limited in its ability to disaggregate the highest scorers. 

Although strong gains were evident in the NAEP math- 
ematics scores and the sex gap seems to be closing, the 
significant gap among the highest scorers suggests that 
much more needs to be done if the full potential of half 
of the population is to be tapped. 


Scores by Race/Ethnicity. While the gap in the SAT 
mathematics scores between males and females is signif- 
icant, the gap between whites and Asians on the one 
hand, and blacks, Mexican Americans, Latin Americans, 
Puerto Ricans, and Native Americans on the other hand, 
is very large. A high percentage of Asian students scored 
extremely well on the math SAT in 1992. Black test-takers 
did not score particularly well as a group, with small 
numbers of high scorers and large numbers of low scor- 
ers. White test-takers’ overall scores fell in between 
those of Asians and blacks. 

Figure 1-8 shows 6-year trends in the distribution of 
SAT math scores and changes in the number of test-tak- 
ers for each racial/ethnic group. In the case of whites, 
there was an overall decline in the number of test-takers 


See appendix tables 1-19 to 1-23. 
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and some declines in the proportion scoring between 
250 and 450, as well as those scoring between 550 and 
650. By contrast, the number of black test-takers 
increased, as did the number scoring between 300 and 
500. Although the overall performance of blacks has 
improved, there has been little progress made toward 
raising the number of high-scoring blacks. 

Asians not only outscored all other groups on the 
mathematics SAT from 1987 through 1992, they are also 
widening the gap between themselves and all other 
groups. More Asians are taking the test and are scoring 
at the highest levels. Indeed, the proportion of Asians 
scoring 750 or more almost doubled during the period, 
rising from 3 to 5 percent. At the same time, the percent- 
age of Asians scoring below 450 dropped from 30 per- 
cent in 1987 to 27 percent in 1992. 

Mexican Americans, Latin Americans, and Puerto 
Ricans all had increases in the number of test-takers. 
While all three groups continue to lag behind the nation- 
al average, Latin Americans and Mexican Americans 
scored better than Puerto Ricans. 

The decline in the number of Native Americans taking 
the SAT is of particular concern and warrants further 
investigation. 

In comparing scores among the highest scoring stu- 
dents in each racial/ethnic group, certain patterns 
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emerge. (See figure 1-9.) Large gaps exist between non- 
Asian minorities and whites; another gap is growing 
between Asians and all other groups. Given the Nation's 
ongoing demographic changes, these gaps among the 
highest scorers have important consequences for the 
pool of future U.S. scientists and engineers. 

The total number of Asians scoring at high levels on 
the math SAT has increased dramatically—Asians have 
had a 46-percent increase in the number of students 
scoring above 600 on the mathematics SAT since 1987. 
By contrast, blacks had a 22-percent increase, and whites 
a 16-percent decrease, in the total number of test-takers 
scoring above 600. However, the slight increase in the 
percentages of blacks and Puerto Ricans scoring at or 
above 600 on the math SAT from 1987 to 1992—and the 
slight decline among whites, Mexican Americans, and 
Latin Americans—suggests a lack of progress in increas- 
ing the portion of U.S. students likely to be well-prepared 
for college-level work in mathematics or the sciences. 
Note that the 2-percentage point increase for Native 
Americans reflects a decline in the number of test-takers, rather 
than an increase in the number who scored at or above 600. 

Engineering is a field that often attracts the Nation’s 
top mathematics and science students. Therefore, stu- 
dents who indicate a planned major in engineering are 
likely to be top scorers on the mathematics SAT. Among 
students indicating that they intended to major in engi- 
neering, there were significant gaps in the mean SAT 
mathematics scores between whites and Asians, on the 


Figure 1-9. 
Students who scored 600 or more on the math SAT 
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See appendix tables 1-19 to 1-23. 
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one hand, and between Native Americans, blacks, 
Mexican Americans, Puerto Ricans, and Latin Americans 
on the other hand. In addition, the mean score of Asian 
students intending to major in engineering increased 
more rapidly than that of any other group, moving them 
well ahead of whites and further widening the gap 
between them and the other racial/ethnic groups. 


international Comparisons of Achievement 


Elementary- and secondary-age students in many 
industrialized Asian and European nations have consis- 
tently outperformed their U.S. peers in international 
mathematics and science tests. Despite the various data- 
related weaknesses that limit these international compar- 
isons (Medrich and Griffith 1992), the results suggest 
that—at best—U.S. student performance on these tests 
has been relatively mediocre. Poor sample quality and 
student selectivity alone cannot explain the superior per- 
formances demonstrated by students in some countries 
(Bradburn, as cited in Rothman 1992). The consistency 
of the international findings, along with the magnitude of 
the differences in scores between the highest achieving 
countries and the United States, “suggests that there is 
an important underlying theme of lagging U.S. perfor- 
mance” (Medrich and Griffith 1992). 

The 1981 Second International Mathematics Study 
(SIMS) and 1984 Second International Science Study 
(SISS), which measured mathematics achievement 
among 13-year-olds and science achievement among 10- 
and 14-year-olds, indicated large differences in the mean 
scores between the United States and the top-scoring 
countries. These studies also measured the mathematics 
and science achievement of students in their last year of 
secondary school; however, “meaningful comparisons of 
achievement are especially difficult for this group” 
(McKnight et al. 1989, p. 27) due to the sampling and 
selectivity problems that plague cross-national studies of 
the achievement of older students. Nevertheless, the rel- 
atively low performance of U.S. students was consistent 
across subject areas and age groups in both the SIMS and 
SISS; this was in keeping with the findings of the 
International Assessment of Educational Progress 
(Lapointe, Askew, and Mead 1992a) that was conducted 
among students representing a different set of countries 


and age groups. 


IAEP 1991 Comparisons. The IAEP examined the 
mathematics and science achievement of 9- and 13-year- 
olds in 20 different countries.'’ However, any useful com- 
parison of the achievement of students in these countries 
must take into consideration the various factors that may 
have contributed to apparent variations in achievement 


“These countries were Brazil, Canada, China, England, France, 
Hungary, Ireland, Israel, Italy, Jordon, Mozambique, Portugal, 
Scotland, Slovenia, South Korea, Soviet Union, Spain, Switzerland, 
Taiwan, and the United States. 
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9-year-olds 13-year-olds 
Country Math Science Math Science 
Percent 
IS ised deo bbe 60 63 62 69 
6 i:hbd eeeeee -— — 64 69 
ED co ececvsees 68 63 68 73 
cps ceeeweeee 60 57 61 63 
ere 64 61 63 70 
ee = _ 40 57 
nib 66ee0ees — _ 61 68 
Slovenia ........... 56 58 57 70 
South Korea......... 75 68 73 78 
RE" 62 62 55 68 
Taiwan ............ 68 67 73 76 
United States........ 58 65 55 67 


SOURCE: A.E. Lapointe, J.M. Askew, and N. A. Mead, Learning 

Mathematics (Princeton: Educational Testing Service, 1992), and 

Leaming Science (Princeton: Educational Testing Service, 1992). 
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levels. These include the methodological limitations of 
the samples in some countries, low participation rates in 
others, and the differences among the nations in terms 
of their wealth and economic development—a particular- 
lv important element, given the strong positive correla- 
tion that exists between economic status and academic 
achievement (NSF 1992). 

Text table 1-6 presents achievement data from only 
those countries that were most similar to the United 
States in terms of sample definitions and selection, par- 
ticipation rates, and economic status. Restricting the 


¢ 17 


sample to these countries allows for a more meaningful 
analysis of comparative student achievement (NSF 1992). 

Although the United States achieved near the levels of 
the South Koreans and Taiwanese in science at the 9- 
year-old level, they were unable to demonstrate this level 
of achievement at the 13-year-old level. As table 1-6 illus- 
trates, U.S. students were outperformed by most of their 
international peers in both mathematics and science at 
the 13-year-old level, and in mathematics at the 9-year- 
old level. 


Mathematics: Grades 1 and 5. Other, smaller inter- 
national studies conducted over the past 10 years have 
found similar achievement trends among Asian and U.S. 
students."' In studies of first and fifth grade students in 
Minneapolis, Minnesota; Sendai, Japan; and Taipei, 
Taiwan; U.S. students scored below their Japanese and 
Taiwanese peers in mathematics in 1980, 1984, and 1990 
(Stevenson, Chen, and Lee 1993). (See figure 1-10.) The 
low levels of achievement in Minneapolis are of concern, 
because Minnesota students rank high among the States 
in mathematics achievement and Minnesota has the 
highest high school graduation rate in the country. 
Figure 1-10 illustrates the distribution of scores on the 
math test and includes comparisons between fifth grade 
Minneapolis students and students in Taipei (Taiwan), 
Sendai (Japan), and Szeged (Hungary). 


‘These studies have generally taken specific steps to address the 
typical criticisms leveled against cross-national comparisons—e.g., 
that tests included items that students have not studied, or that stu- 
dent samples were not selected in identical ways across countries 
(Stevenson 1993). 

"These cities were selected as “prototypic metropolitan areas” 
because nationwide sampling was not feasible due to financial and 
logistic constraints. In each city, the researchers selected a representa- 
tive sample of the city’s schools. 


Figure 1-10. 
Mathematics scores for grade 5 students in Minneapolis, Taipei, Sendai, and Szeged: 1990 
Percent Percent Percent 
25 25 25 
20 D.|  SeeeeeeeEEEOCOEEOOey Otte eee er eer ore 20 
Minneapolis Sendai, Japan 
15 ve eee ~ en 
10 10 TwTTTTITITTTTT TTT 4 +. 10 
5 5 % 5 
0 0 | —__ oe 21 a ee oe oe — 


Score interval 


SOURCE: H.W. Stevenson and S. Lee, “The Leaming Gap Widens” (in preparation). 
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Teachers and Teaching 


Teacher Characteristics 


Although teachers are usually the tocus of most dis- 
cussions of school staffing, it is important to remember 
that the 2,630,000 U.S. teachers work with 103,000 prin- 
cipals, 86,000 guidance counselors, 79,000 librarians 
and media personnel, 109,000 other professionals, 
408,000 teacher aides, and 498,000 other noninstruc- 
tional personnel (NCES 1993b). Without minimizing the 
inwportance of these almost 1.3 million other people who 
directly participate in student education, this section 
focuses on the characteristics of the teaching force— 
patticularly those of mathematics and science teachers. 


Sex and Minority Status. In 1991, 88 percent of all 
elementary school teachers were women, as were 56 per- 
cent of all secondary school teachers (NEA 1992). Women 
were less likely to be mathematics or science specialists 
in the elementary grades or mathematics or science 
teachers in the secondary grades. (See figure 1-11.) At 
the secondary school leve', women were more underrep- 
resented among chemistry and physics teachers. 

Minorities are also underrepresented among sec- 
ondary school science teachers. Only 11 percent of high 


Figure 1-11. 

Percent female of all teachers of math or science 
who teach those subjects as their main or secondary 
assignment: 1987-88 


Elementary 


40 % i ilies 5 cssnree 
- . & 
° “8 


Oye - oy, of oe 
- tig eT FEE 


NOTE: Data are for all teachers whose main or secondary assignment 
is in math or science. 
See appendix table 1-26. 
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NOTE: Data are for ali teachers whose main or secondary assignment 
is in math or science. 
SOURCES: (Teachers) State Departments of Education, Fall 1989; 
(Students) NCES, Schools and Staffing Survey, 1990-91. Council of 
Chief State School Officers, State Education Assessment Center, 
Washington, DC, 1993. 
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school math teachers, and only 4 percent of high school 
physics teachers, are minorities. (See figure 1-12.)" 


Education and Preparation. The combination of 
well-prepared teachers, effective curricula, supportive 
institutions, and motivated students is essential to 
improvement in mathematics and science achievement 
for all students. (See “Teacher Expertise and High 
Student Achievement.”) Well-prepared teachers are 
those who have been drawn to the profession because of 
both commitment and talent, thoroughly trained in both 
pedagogy and the disciplines, and continually given 
opportunities for intellectual and professional growth. 
Unfortunately, this definition of the well-prepared teach- 
er is frequently inconsistent with the qualifications and 
experience of most U.S. teachers. 

About 60 percent of mathematics and science special- 
ists at the elementary grades received their bachelors 
degrees in elementary education. (See appendix table 
1-27.) Although course requirements vary at different 
higher education institutions, it is likely that those 
receiving degrees in elementary education were 


For additional information on minority teachers, see appendix 
tables 1-24 and 1-25. 
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Although teachers are key figures in improving 
mathematics and science learning, their expertise is 
only one of the many elements in the configuration of 
school, community, and family resources that affect 
student achievement. The by-state comparisons of the 
1992 NAEP mathematics assessment illustrate the 
point. 

lowa students had the highest average NAEP math 
score in the country at grade 8 and the second highest 
average score at grade 4. Washington, D.C., students 


Teacher Expertise and High Student Achievement 


had the lowest average scores at both grades. Yet a 
higher percentage of the fourth and eighth grade 
teachers in Washington held advanced degrees and 
reported more hours of inservice training than did 
Iowa teachers. (Both groups of teachers reported 
about the same number of years of experience.) Also, 
Washington, D.C., teachers reportedly devoted more 
time to mathematics instruction per week and 
assigned more minutes of mathematics homework per 
day than did Iowa teachers. 


required to take fewer math and science courses than 
those majoring in mathematics or science. Moreover, 
the mathematics and verbal SAT scores of college-bound 
seniors planning to major in education were significantly 
lower than the average scores of all students." (See text 
table 1-7.) 

Data suggest that the science and mathematics prepa- 
ration of some middle school teachers is not strong. 
Only about 40 percent of grade 7-8 science teachers 
received their bachelors degrees in science or science 
education, and fewer than 40 percent of grade 7-8 mathe- 
matics teachers received their degree in either mathe- 
matics or mathematics education. 

Among secondary school teachers, the percentage 
who taught in the field in which they were trained varied 
by subject area. (See appendix table 1-27.) While fewer 
than 20 percent of earth science teachers held subject 
matter degrees in their discipline, about 60 percent of 
biology teachers did so. Fewer than 40 percent of chem- 
istry, physics, and mathematics teachers held subject 
matter degrees in their respective disciplines. 

Poor and non-Asian minority students are more likely 
than other students to be taught by teachers who majored 
in education only or in a subject different from the one 
they teach. (See text table 1-8.) Eighth grade white, Asian, 
and high socioeconomic status students were much more 
likely to be taught math by teachers who majored in math- 
ematics or mathematics education than were blacks, 
Hispanics, or Native Americans. Additionally, the qualifi- 
cations of secondary mathematics and science teachers 
may differ depending on the racial composition of a 
school. Students attending schools with a high percent- 
age of minority students are less likely to be taught by 
mathematics and science teachers with a masters 


“Although these scores should be considered with caution, it is not 
surprising that many of the most well-prepared college-bound students 
aspire to other fields. The starting salaries for new teachers remain 
significas:tly lower than those offered in many other fields. (See chap- 
ter 3.) 


degree, bach-elors degree, or certification in their 
assigned field. (See figure 1-13.) 


International Comparisons of Teachers 


In their studies of educational systems in the United 
States, Japan, Taiwan, and China, Stevenson and Stigler 
(1992) provide detailed descriptions of how teachers’ 
pre- and in-service training, instructional practices, and 
working conditions differ between countries, and how 
these factors may contribute to variations in teacher 
effectiveness and student achievement." 


Professional Development. In general, teachers in 
the Asian countries surveyed have fewer years of formal 


For purposes of this discussion, data from China and Taiwan are 
not discussed separately. 


Text table 1-7. 
Average SAT scores for students planning 
an education major 

Students planning 

an education major All students 

Verbal Math Verbal Math 
Sere 394 419 426 467 
Pbeitsekenes 394 418 425 468 
ere 398 425 426 471 
Ph beséaéeues 404 432 431 475 
errr NA NA 430 476 
a erry 408 437 430 476 
i Se 407 442 428 476 
i Serer 406 440 427 476 
re 406 442 424 476 
ns steh sine 406 441 422 474 
NA = not available 


SOURCE: The College Board, Seniors: Profile of SAT 
and Achievement Test Takers, annual series (Princeton: Educational 
Testing Service, 1982-91). 
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Text table 1-8. 
Proportion of eighth graders whose math teachers majored/minored in math: 1988 
Teacher 
Major in Minor in Major in Other 
Student/schoo! chazacteristic math/math ed math/math ed. education major 
Percent 

Alistudents...................... 43.3 27.1 18.2 11.4 
Resetetuicl 

ee ec accieseseess 45.7 27.2 17.7 9.4 

ee ek ke ene 6 eee ¢ 44.1 23.5 15.0 175 

a 40.0 26.6 21.5 12.9 

Pi cece eb seeeeeereces 33.3 28.5 17.5 20.8 

Native American .................. 30.5 23.5 23.4 22.6 
Socioeconomic status 

Dies Keene eeeeseececese 38.5 25.9 23.1 12.6 

EE 43.2 27.7 17.7 11.4 

Ee 49.8 26.2 13.2 98 
SOURCE: Research, Evaluation, and Dissemination Division, Indicators of Science and Mathematics Education 1992, NSF 93-95 (Washington. DC: National 
Science Foundation, 1993). 
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education than do their U.S. counterparts. They are more 
likely to have majored in the liberal arts than in educa- 

Figure 1-13 tion, and generally have taken more courses in such sub- 
Qualifications of math and science stantive areas as mathematics, literature, etc., than have 
teachers by school racial/ethnic composition U.S. teachers, who take many more teaching methodolo- 
gy courses. While in the United States formal teacher 

Percent training usually ends after a teaching certificate has been 
RTE tinitiictsdaeiubiubiaranivasiieniniensebsnsedinentan ceseiin earned, “the real training of Asian teachers occurs in 
[BB Masters cegree in assigned held their on-the-job experience after graduating from col- 

} BB Bachelors degree in assigned hes 86. lege” (Stevenson and Stigler 1992, p. 159). Asian teach- 

gp | El Centicaton massigneding aa ers receive much more extensive support and assistance 


eeeeeseesR BB BesceeeeeG GF a=Beseeccce 


90-100% 50-90% 10-50% 0-10% 
School raciaVethnic composition 


SOURCES: J. Oakes. Multiplying Inequalities: The Effects of Race. 


from knowledgeable and skilled “master” teachers at 
their schools during their first few years in the class- 
room than do U.S. teachers, and a high level of interac- 
tion and communication among teachers typifies the 
experience of Asian teachers throughout their careers. 
For example, in Japan, meetings to discuss teaching 
techniques or to construct plans for specific lessons are 
frequently organized by school vice principals and head 
teachers; teachers also regularly observe their peers 
informally as they teach, offering encouragement as well 
as suggestions for improvement (Stevenson and Stigler 
1992). 


Working Conditions. Teacher schedules, the organi- 
zation of the school day, and the physical structure of 
schools appear to contribute to the sense of professional 
isolation experienced by many U.s. teachers. Although 
Japanese and Chinese elementary school teachers have 
longer formal workdays, they teach fewer hours than do 
their U.S. peers (Stigler and Stevenson 1991). While most 
U.S. elementary school teachers prepare lessons and 
grade papers at home because their teaching responsi- 
bilities tend to prohibit their completing these duties 
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during the day, Japanese and Chinese teachers use their 
nonteaching hours during the workday to not only grade 
papers, but also to prepare and discuss lessons with 
other teachers and share materials and techniques with 
them (Stevenson and Stigler 1991). Specially designated 
teacher rooms at each school, which are equipped with a 
desk for each teacher, facilitate Asian teachers’ efforts to 
communicate with each other, and to provide and 
receive assistance as needed. In contrast, the physical 
structure of elementary schools in the United States, 
which often lack a common work area for teachers, cre- 
ates few opportunities for regular teacher exchange 
(Sato and McLaughlin 1992). 

Other features of the Chinese and Japanese education 
systems also help enhance teachers’ working conditions. 
For example, to help avoid the “burnout” that may result 
from teaching the same subjects at the same grade level 
at the same school over an extended period of time, 
Japanese teachers follow the same group of students for 
two or three grades. Also, their teaching assignments 
are rotated, from grade to grade and school to school, in 
3- to 7-year cycles (Stevenson and Stigler 1992). 
Professional advancement is also handled differently. In 
Japan, success as a classroom teacher is one of the pri- 
mary requirements for advancement to a superviscry or 
administrative position; in the United States, coursework 
in educational administration is more strongly empha- 
sized (Stevenson and Stigler 1992). Thus, U.S. teachers 
lack some of the motivation to enhance their teaching 
skills that their Asian counterparts enjoy. 


Classroom Practices. |n an attempt to understand 
the relatively poor performance of U.S. first and fifth 
graders in mathematics, Stigler and Stevenson (1991) 
examined how the subject is taught in classrooms in the 
Taipei, Taiwan; Sendai, Japan; Beijing, China; and 
Minneapolis and Chicago metropolitan areas. They 
observed differences in lesson coherency, classroom 
” -w'zation, teacher responses to academic diversity, 

. of real-world problems and objects, and teacher/stu- 
.er. roles. Highlights of these findings are detailed 
below. 

The researchers reported that classes in Japan and 
China were more coherent: Lessons had a clear begin- 
ning, middle, and conclusion, and instruction was rarely 
(less than 10 percent of the time) disrupted by irrelevant 
comments by teachers or by outsiders entering the 
room for some unrelated purpose. In contrast, in the 
United States, such interruptions occurred in 20 percent 
of the first grade classrooms, and 47 percent of the fifth 
grade classrooms studied (Stigler and Stevenson 1991). 
Coherence was also negatively affected by teachers shift- 
ing frequently from topic to topic during the course of a 
single lesson. Stigler and Stevenson report that “such 
changes in topic were responsible for 21 percent of the 
changes in segments that we observed in American 
classrooms but accounted for only 4 percent of the 
changes in segments in the Japanese classrooms” 


(p. 16). Asian teachers tended to introduce new activities 
and materials, rather than new topics, as a mean of hold- 
ing students’ attention throughout a lesson (Stigler and 
Stevenson 1991). 

Asian teachers, who have greater amounts of non- 
teaching time during the day. use a portion of this time 
to work with individual students who are experiencing 
academic difficulties (Stigler and Stevenson 1991). 
During their regular classes, they focus instruction on 
the whole group without regard to academic differences 
and try to meet diverse academic needs by varying 
teaching techniques and materials. U.S. teachers, on the 
other hand, tend not to view whole-group instruction as 
well-suited to addressing diversity; they attempt to meet 
diverse student needs through individual instruction in 
the classroom (Stigler and Stevenson 1991). 

The teaching techniques used in China and Japan are 
often recommended by U.s. educators as well. U.S. 
teachers do not have the same training and support as 
their Asian peers, and lack the time and opportunity pro- 
vided to Asian teachers to hone their teaching skills. In 
addition, the heavy teaching load of U.s. elementary 
teachers further detracts from their ability to implement 
a well-planned lesson effectively (Stigler and Stevenson 
1992). 


Instructional Methods and Teaching Tools 


Classroom Activities. Recent studies show that chil- 
dren learn from a variety of learning activities, including 
drills to strengthen basic skills and other activities to 
develop more complex reasoning capabilities. In recogni- 
tion of this, the National Council of Teachers of Mathe- 
matics (NCTM) endorsed a new direction in teaching 
mathematics that de-emphasizes drill and practice and 
emphasizes goals of conceptual understanding and prob- 
lem solving. 

In the past, instruction focused almost exclusively on 
basic skills, which provided strong results on basic 
skills tests but may limit student proficiency in more 
advanced skills such as mathematical reasoning 
(Knapp, Shields, and Turnbull 1992). A 1992 study 
found that students who are exposed to instruction that 
emphasizes “meaning and understanding” score better 
on standardized tests of advanced academic skills than 
students who are in classrooms that emphasize arith- 
metic skills. The study also determined that the focus 
on meaning and understanding does not hinder profi- 
ciency in basic skills but instead facilitates proficiency in 
basic skills. 

Currently, instruction in mathematics and science 
classrooms is moving slowly toward more student dis- 
cussion and increased student involvement in the learn- 
ing activities. ETS (1991) reported a significant increase 
between 1978 and 1990 in discussion opportunities for 
17-year-olds in mathematics classes (51 to 63 percent). 
However, the percentage of students who make reports 
or do projects on mathematics was very low (5 percent). 
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Most students (approximately 85 percent) reported that 
they spend most of the time listening to the teacher 
explain mathematics lessons, watch the teachers work 
mathematics problems on the board, and take mathe- 
matics tests (NCES 1992b). Nearly 40 percent of students 
in eighth grade spend less than half of their time in 
mathematics classes in whole groups, indicating that 
these students are working in small groups or alone 
(NCES 1992f). (See figure 1-14.) 

Science activities for elementary students are important 
because they stimulate student interest in science and pro- 
vide a base for future science learning (Bybee and Landes 
1990). Data from ETs (1991) show that the percentage of 9 
year-old students who do scientific experiments has 
remained stable or decreased since 1977, but the percent- 
age of students who have used thermometers and micro- 
scopes has increased. The proportion who use calculators 
remained stable (NCES 1992b). (See text table 1-9.) 

At the higher grade levels, students do not participate 
in many science activities; the classes consist primarily 
of a teacher lecturing. ETS (1993) fou... that 61 percent 
of 8th grade students and 76 percent of 12th graders 
reported that their teachers lectured in science class sev- 
eral times a week or more. Fewer than half of these stu- 
dents reported that they were asked to do the following 


Figure 1-14 
Mathematics classroom activities as reported by 
17-year-olds 
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SOURCE: Educational Testing Service. Trends im Academic 
(Washington, DC: National Center for Education Statistics. 1991). 
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Text table 1-9. 
Participation of 39-year-old students in 
science activities 


Activity 1977 1990 
Percentage of students 
Experimented with living plants... . . . 70 64° 
aad | with | 
CEE 51 47 
Used a thermometer ............. 54 91° 
Used a microscope .............. 53 63° 


NOTE: * = stastically significant difference between 1977 and 1990. 

SOURCE: Educational Testing Service, Trends in Academic Progress 

(Washington. DC: National Center for Education Statistics, 1991). 
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activities several times a week or more: asked about rea- 
sons for experimental results, to write an experiment, or 
are asked their opinion on science issues. More students 
participated in these activities once a week or less. (See 
figure 1-15.) 

As part of its curriculum and instruction recommenda- 
tions, NCTM suggested that the mathematics curriculum 
be updated to include technology such as computers and 
calculators in the classroom. NCTM recommends that 


@ appropriate calculators be available to all students 
at all times, 


@ every classroom have a computer for demonstration 
purposes, 


@ every student have access to a computer for individ- 
ual and group work, 


@ all students learn to use the computer as a tool for 
processing information and performing calculations 
to investigate and solve problems, and 

@ students be able to understand when to use the var- 
ious technologies for problem-solving (NCES 1992c). 


Use of Computers.” The availability and use of com- 
puters in the classroom is on the rise. Since the early 
1980s, the number of computers in schools has 
increased from approximately 50,000 to 2,400,000 in 
1989. During this period, the way in which computers 
are used in school has changed. In 1983, when few com- 
puters were available, schools tried to provide a taste of 
computer experience to as many students as possible, 
without providing competence for any student. By 1985, 
schools had more computers, and teachers were using 
them to enhance their students’ daily lessons. The com- 
puters were seldom used, however, to provide instruc- 
tion in conventional school subjects. By 1989, computer 


“The data in this section are from Becker (1991). 
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Figure 1-15. 
Student reports on instructional approaches used 
in science class 


in science class, how often does your teacher ... 


Demonstrate a 
scientific princips 
Ask about reasons for 
experimental results 


As you to write up 
an experiment 

Ask for an opinion on 
a science issue 


SOURCE: National Center for Education Statistics, The 1990 Science 
Report Card (Washington, DC: U.S. Department of Education, 1992). 
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laboratories were more common, and elementary school 
students were using computers to practice their basic 
skills. (See text table 1-10.) 

The most current data indicate that students mostly 
use computers to learn computer-specific skills such as 
word processing or database programs. The use of com- 
puters is infrequent in mathematics and science classes 
compared with their use in computer classes; only 8 per- 
cent of mathematics and 5 percent of science class time 
was spent using computers. During the 1988/89 school 
year, 42 percent of all mathematics teachers and 36 per- 
cent of all science teachers said they used computers in 
at least one class; however, the computer instruction 
tends not to be integrated with subject matter. 

ETS (1991) found that 34 percent of fourth grade and 
21 percent of eighth grade students have computers 
available in their classrooms. An additional 47 percent of 
fourth grade and 52 percent of eighth grade students 
have computers available in the school, but they are diffi- 
cult to access. These data indicate that fourth grade stu- 
dents use computers much more frequently than eighth 
grade students to solve mathematics problems. Only 12 
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percent of eighth grade students use computers for 30 
minutes or more each week to solve mathematics prob- 
lems compared to 41 percent of fourth graders. Almost 
three-quarters of eighth grade students do not use com- 
puters at all to solve mathematics problems in class com- 
pared to only 31 percent of fourth graders. 


Use of Calculators. Students generally have access 
to calculators either at school or at home, yet this does 
not translate into increased calculator use in the schools. 
Although about half of all fourth and eighth grade stu- 
dents have access to school-owned calculators, only 3 
percent of fourth graders and 19 percent of eighth 
graders are allowed to use these calculators in math 
class on a regular basis (NCES 1992c). Forty-seven per- 
cent of fourth graders and 22 percent of eighth graders 
have never been asked to use a calculator in math class. 
Twelfth grade studen‘s tend to use calculators more fre- 
quently than 4th and 8th. (See figure 1-16.) Over half (58 
percent) of 12th graders said they use calculators at least 
several times a week, and 20 percent said they use them 
weekly. Nevertheless, only 44 percent of 8th graders and 
30 percent of 12th graders were able to distinguish when 
to use a scientific calculator on most of the NAEP items 
designed for calculator use. 


international Comparisons of Instructional 
Practices 


Asian classes are larger than those in the United 
States and involve more direct instruction from teachers. 
Yet within this setting, Asian teachers incorporate high 
levels of student participation and problem solving. For 
example, teachers led students’ activities 90 percent of 
the time in Taiwan, 74 percent of the time in Japan, and 
only 46 percent of the time in the United States; instruc- 
tion was self-directed 9 percent of the time in Taiwan, 26 
percent of the time in Japan, and 51 percent of the time 
in the United States. 


Text table 1-10. 


Availability and use of computers in grade 4 
and 8 classrooms: 1990 


Availability/use Grade4 Grades 
Computers available in classroom... . . 34 21 
Computers available in school 

but difficultto access ............. 47 52 
Use computers 30 minutes or more 

each week to solve math problems .. . 41 12 
Do not use computers at all to 

solve math problems inclass ....... 31 73 


SOURCE: Educational Testing Service, Trends in Academic Progress 
(Washington, DC: National Center for Education Statistics, 1991). 
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Figure 1-16. 
Pecentage of students reporting using a calculator 
several times a week 


Grade 4 Grade 8 Grade 12- Grade 12- 
all students students 
taking math 


SOURCE: National Center for Education Stat'stics, The State 
of Mathematics Achievement, (Washington, DC: Department 
of Education, 1991). 
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U.S. students engaged in longer periods of desk work 
and practice than did their Asian peers: In nearly half of 
the fifth grade classes studied, this work was never eval- 
uated or discussed (Stigler and Stevenson 1991). On the 
other hand, Asian teachers tended to lead more whole- 
class discussions and problem-solving exercises, pose 
more provocative and interesting questions, and inter- 
sperse the lessons with short periods of desk work that 
were evaluated or discussed in nearly all of the class- 
rooms (Stigler and Stevenson 1991). 

Asian elementary students are frequently required to 
discuss and evaluate the ideas and solutions that they 
and thei’ classmates propose in mathematics classes, 
thus im roving their individual understanding of and 
interest in mathematics and increasing the class's overall 
level of motivation (Stigler and Stevenson 1992). While 
there is a great deal of interaction between teachers and 
students in mathematics classes in the United States, the 
nature of the questions posed and answers given is quite 
different (Stigler and Stevenson 1992). Questions gener- 
ally elicit very short answers, with an emphasis on “cor- 
rectness” rather than on the thought processes involved. 
Also, while Chinese and Japanese teachers tended to 


view student errors as “an index of what still needs to be 
learned,” U.S. teachers tended to interpret errors as “an 
indication of failure in learning the lesson” (Stigler and 
Stevenson 1992, p. 40). 

Teachers’ use of real-world problems and objects dif- 
fer somewhat in Asian and U.S. classrooms. Although 
teachers in each country rely on the manipulation of con- 
crete objects to teach mathematics to elementary stu- 
dents, teachers in the United States are less likely to use 
them (Stigler and Stevenson 1991). Those U.S. teachers 
who do use concrete objects tend to use a variety of dif- 
ferent types as they teach different concepts—e.g., mar- 
bles to teach addition, and sticks to teach multiplication. 
Asian teachers tend to use the same objects to teach 
each topic as they believe that switching representations 
may confuse their students (Stigler and Stevenson 1991). 


Beyond the Classroom: Students’ 
Out-of-School Experiences 


A student’s activities and experiences outside of 
school may significantly enhance or hinder his or her 
academic success. A review of the research literature 
(Adelman et al. 1992) indicates, for example, that a fami- 
ly’s socioeconomic status, culture, and/or behavioral pat- 
terns can all have a significant impact on the school 
achievement of its school-age members. In addition to 
the family, there are other individuals, organizations, 
and institutions that are able to provide specific learning 
opportunities, or encourage and provide examples of 
intellectually enhancing attitudes and behaviors; the 
extent to which an individual is willing, or able, to take 
advantage of these opportunities may have far-reaching 
and profound effects on his intellectual growth and 
development. 


Parental Attitudes and Support 


In their study of academic achievement among stu- 
dents in Minneapolis, Sendai, and Taipei, Stevenson, 
Chen, and Lee (1993) administered a test of students’ 
general informational knowledge that would not normal- 
ly have been acquired through regular schooling. 
Interestingly, the American students outperformed their 
Asian peers in kindergarten and the first grade. 
American superiority on the general information test 
continued to be evident through the 11th grade, 
although there was a narrowing of the achievement gap 
(Stevenson, Chen, and Lee 1993). The researchers con- 
cluded: 


“We attribute the early superiority of the American 
children to the greater cognitive stimulation provided 
by their parents, who indicated that they read more 
frequently to their young children, took them on 
more excursions, and accompanied them to more 
cultural events than did the Chinese or Japanese par- 
ents. As American children grow older, parents 
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appear to be less likely to provide the kinds of 
enriched out-of-school experiences that they did 
before the children entered the first grade” (p. 55). 


A study of the academic achievement of 536 school-age 
children from 200 Indochinese refugee families living in 
the United States (Caplan, Choy, and Whitmore 1992) 
further demonstrates the potential impact of family atti- 
tudes and behaviors. The students in grades K-12 who 
attended school in low-income metropolitan areas had 
remarkably high grade point averages (GPAs): 27 percent 
had an overall GPA in the A range, 52 percent in the B 
range, 17 percent in the C range, and 4 percent had a GPA 
below a C (Caplan, Choy, and Whitmore 1992). 

The students’ mathematics scores were even more 
impressive. Nearly half the students had GPAs equivalent 
to an A, while one-third earned a B. The results of stan- 
dardized achievement tests showed similar levels of pro- 
ficiency in mathematics. When compared nationally to 
students taking the California Achievement Test at 
equivalent grade levels, half of the Indochinese students 
scored in the top quartile; 27 percent scored in the top 
decile (Caplan, Choy, and Whitmore 1992). 

The researchers identified several factors that appeared 
to be linked to the students’ high levels of achievement. 
One factor was time spent on homework." Whereas the 
Indochinese students spent an average of just over 3 
hours on homework each day in high school, 27; hours 
in junior high, and 2 hours in grade school, their 
American peers studied only 1/; hours each day in both 
junior high and high school. In addition to spending 
more time on their homework, the Indochinese students 
were more inclined to complete their homework with the 
assistance of siblings and other family members. Caplan, 
Choy, and Whitmore (1992) found that the older siblings 
learned as they tutored the younger ones, and the 
younger ones “learned how to learn,” and also developed 
positive “skills, habits, attitudes and expectations”; they 
suggest that this may help explain the positive relation- 
ship between family size and GPA that was observed. 

Other factors that were positively associated with aca- 
demic achievement among the Indochinese families 
were (1) the presence of parents who read aloud to their 
children; (2) a belief in egalitarianism and role-sharing 
between male and female family members, and an 
absence of a pro-male bias; (3) the perception among 
family members that “learning and imparting knowl- 
edge” were pleasurable experiences; and (4) a retention 


“The link between time spent on homework and school achieve- 
ment, particularly for students in junior and senior high school, has 
been widely documented by other researchers in the field (Adelman 
et al. 1992). Nevertheless, all types of homework are not equally bene- 
ficial. For example, Cooper (1989) found preparation and practice 
homework integrating previous lessons to be more effective than 
homework restricted to current-day lesson content in junior and senior 
high mathematics classes. Other studies (Leone and Richards 1989; 
McDermott, Goldman, and Varenne 1984) also found evidence that 
family involvement can increase homework’s effectiveness. 
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of traditional, Indochinese cultural values—values that 
emphasize the importance of education, hard work, per- 
severance, and pride—by the family (Caplan, Choy, and 
Whitmore 1992). The researchers conclude that the 
American educational! system is still able to educate stu- 
dents successfully—evidenced by the achievement of 
these refugee children—as long as it is not expected to 
also provide a host of needed social services and become 
“parent by proxy” to its students. They state: 


“We firmly believe that for American schools to 
succeed, parents and families must become more 
committed to the education of their children. They 
must instill a respect for education and create within 
the home an environment conducive to learning. 
They must also participate in the process so that 
their children feel comfortable learning and go to 
school willing and prepared to study” (p. 42). 


For many students (e.g., those who are slower learn- 
ers, or those whose socioeconomic status have resulted 
in limited exposure to challenging and stimulating infor- 
mation and materials at home or school), a supportive 
family is only part of what is needed to ensure their aca- 
demic success. For them, nonschool hours represent a 
valuable opportunity to relearn, catch up, or extend their 
learning through enrichment programs that offer tutor- 
ing or mentoring services, or subject-specific training 
and enrichment (Adelman et al. 1992). 


Tutoring and Mentoring 


Tutoring programs have been very effective in improv- 
ing students’ GPAS, test scores, and overall academic per- 
formance, particularly in mathematics (Adelman et al. 
1992). Studies also show that these positive outcomes 
also occur among groups of low-income, and racial/eth- 
nic and language minority students (Herbst and 
Sontheimer 1987; Valenzuela-Smith, 1983; Kulik, and 
Kulik and Cohen, 1982). School-based tutoring programs 
have also been found to improve students’ attitudes 
towards particular subjects and school in general, and 
they enhance the self-esteem and self-confidence of par- 
ticipants (Adelman et al. 1992 and Pringle et al. 1993). 

Mentoring programs, which may include academic 
assistance, counseling, or social and recreational compo- 
nents, often focus on developing students’ interests in 
particular professions or career fields (Adelman et al. 
1992). In addition to receiving help with their school- 
work, high school participants in mentoring programs 
report learning about college life and engaging in career 
exploration activities; these experiences appear to moti- 
vate and imprcve participants’ attitudes towards educa- 
tion (Adelman et al. 1992). These findings suggest that 
interest in mathematics and science careers among 
junior and senior high school students could be 
enhanced through similar efforts by professionals in the 
field. 
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Extracurricular Activities 


Current efforts to encourage mathematics and science 
achievement, particularly among females and minorities, 
include several academic enrichment programs that are 
held after school or during vacations. Programs such as 
the Gifted Math Program; the Mathematics, 
Engineering, and Science Achievement Program; and 
Creating Higher Aspirations and Motivations Program 
all seek to sharpen students’ mathematics and science 
skills and heighten student interest in careers in these 
fields. Program activities include academic classes, spe- 
cialized workshops, tutoring sessions, academic and 
university counseling, field trips, and/or employment 
programs. 

The importance of maximizing students’ out-of-school 
academic and nonacademic learning opportunities is 
widely recognized internationally. For example, in Japan, 
large numbers of low- and high-achieving students 
attend “Juku,” where enrichment, remedial, and exami- 
nation preparation classes are offered (Leestman et al. 
1987). Although some Juku are viewed as “cram” 
schools where high school students prepare for entrance 
examinations to prestigious universities, other Juku offer 
nonacademic enrichment courses in music and the arts 
(Leestman et al. 1987). 

Many studies suggest that nonacademic enrichment 
programs that emphasize overall youth development 
have the potential to contribute to the intellectual, social, 
physical, and emotional development of elementary- and 
secondary-age students (Adelman et al. 1992). In his 
study of school-based extracurricular programs in Hong 
Kong, Japan, Beijing, Singapore, and Taiwan, Stevenson 
(1993) describes the importance attached to such activi- 
ties in these countries. 

Extracurricular programs are offered during the regu- 
lar school day, after school, or on weekends; often the 
entire student body is involved in one or more of the 
available activities. These activities include arts and 
crafts, music, sports, clubs and societies, public service 
opportunities, hobbies, and academics (Stevenson 1993). 
All activities are supported by school personnel, who 
believe that the programs help to stimulate an interest in 
learning, foster the development of various physical 
skills, promote positive social and cultural values and 
attitudes, and provide students with an opportunity to 
receive remedial help (Stevenson 1993). 

A survey of community-based services for adolescents 
between the ages of 10 and 15 in the United Kingdom, 
Australia, Germany, Sweden, and Norway (Sherraden 
1992), indicates that overall youth development is also of 
great importance and concern in Europe. Many nations 
use a percentage of educational or other public funds to 
support community-based youth development because 
they “recognize that formal schooling is not a sufficient 
format for individual education. There is too much to 
learn and schooling cannot cover all of it” (Sherraden 
1992, p. 41). 


In the United States, various youth organizations and 
school-related extracurricular programs have demon- 
strated an ability to meet these important needs 
(Adelman et al. 1992). In addition, many students actively 
seek to become involved in programs offered by sports 
leagues, museums, libraries, park and recreation depart- 
ments, religious associations, and camping and outdoors 
organizations (Carnegie Council on Adolescent 
Development 1992). 

Unfortunately, many low-income and minority youth in 
this country do not have access to the same range of ser- 
vices that their more affluent peers enjoy. The communi- 
ty-based services on which many rely are often under- 
funded and poorly equipped, and access to many national 
organizations are often available on a fee-for-service basis 
that they cannot afford (Carnegie Council for Adolescent 
Development 1992). Based on current anecdotal and sta- 
tistical evidence, it appears that improving access to aca- 
demic enrichment programs and other types of youth 
development opportunities is a worthy investment—an 
investment that is likely to enhance student interest in 
learning and their ability to achieve in school. 


improvements for the Future: 
Assessing Achievement and 
Revising Standards 


improvements in Assessing Achievement 


The United States has relied upon standardized tests 
to evaluate learning because, in part, these tests are rela- 
tively inexpensive, easy to administer, and efficient in 
determining both individual and aggregate scores.” The 
most commonly used tests include the California Achieve- 
ment Test, the Comprehensive Test of Basic Skills, the 
lowa Test of Basic Skills, the Survey of Basic Skills of 
Science Research Associates, the Stanford Achievement 
Test, and the Metropolitan Achievement Test. 

These tests, however, have met with skepticism and 
questions about their validity and comprehensiveness. 
Concerns raised about standardized tests include their 


@ emphasis on low-level thinking; 
@ inability to test process or method; 
@ inability to test depth of knowledge; 


@ inability to capture various levels of thinking (e.g., 
to award partial credit for a correct approach but a 
wrong final answer); and 


‘This reliance has grown over the years. “Revenues from sales of 
tests used in elementary and secondary schools more than doubled (in 
constant dollars) between 1960 and 1989, a period during which stu- 
dent enrollments grew by only 15 percent” (OTA 1992, p. 3). 
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tendency to lead teachers to “teach to the test” by 
emphasizing less advanced forms of learning in the 
curriculum. 


This latter practice is particularly egregious when 
practiced by teachers of minority students. (See 
“Standardized Tests and Minority Students.”) 

According to one recent study funded by the National 
Science Foundation and conducted by the Center for the 
Study of Testing, Evaluation, and Educational Policy, 
teachers are dissatisfied with the standardized tests. 
Over 60 percent of 2,229 mathematics and science teach- 
ers in grades 4 through 12 surveyed felt that standard- 
ized tests negatively affected student learning. “The 
mandated testing caused narrowing and fragmenting of 
the curriculum, limited the nature of thinking, or forced 
them to rush too much for students to learn well” 
(Madaus et al. 1992, p. 16). 

The study also found that the content covered by 
mathematics and science standardized tests was not 
well-balanced (Madaus et al. 1992, p. 16). The math tests 
emphasize number systems and theory, and minimize 
probability, algebraic thinking, measurement, and geom- 
etry. Similarly, the science tests emphasize life sciences 
and minimize physical sciences. The standardized math- 
ematics tests ask questions demanding higher order 
thinking skills only 3 to 5 percent of the time (Madaus et 
al. 1992, p. 12). Only 8 percent of the standardized sci- 
ence test questions ask students to apply procedural 
skills toward problems and experiments; most do not 
stress application of knowledge. 

Recently, there has been a good deal of activity among 
some organizations and in some states to design new 
assessment instruments. These new assessment tools 
are being designed to (1) track progress over time, (2) 
show how individuals learn, (3) assess educational pro- 
grams, (4) indicate curriculum or teaching changes 
needed for improvement, and (5) inform policymakers 
about educational progress (Arter and Spandel 1991). 
These new tools will have to grapple with many of the 
problems discussed above. 

Although there are some promising new approaches, 
test directors and researchers are concerned about 
quick implementation without sufficient investigation of 
the new tests’ effects. Also, while the intention of the 
new assessment tools is to have them closely aligned to 
new, more demanding curriculum standards and better 
instruction practices, assessments are also expected to 
motivate students. Many are concerned that the same 
instruments cannot accomplish so many diverse tasks. 
Still, a number of new assessment approaches warrant 
continuing development. 

Alternative forms of assessment to test students on 
higher order thinking skills and concept application 
rather than on rote memorization are now being devel- 
oped. Some of these are discussed below. 
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Constructed Response Items. Constructed response 
test items are open-ended questions that ask students to 
derive and explain their answers. The format lends itself 
to more indepth assessment of higher order thinking, and 
it can be readily standardized and scored with relatively 
high validity levels. According to the Office of Technology 
Assessment (OTA 1992), constructed response items can 
be beneficial because they 


@ may be more similar to tasks that are familiar to stu- 
dents; 


@ may better reflect complex, real-world learning situ- 
ations; and 


@ evoke answers that minimize student guessing and 
random answer selection. 


Also, items can be scored so that students can get par- 
tial credit for partially correct answers. For these rea- 
sons, NAEP and some state assessment programs use 
constructed response items. 


Performance-Based Assessments. This method of 
assessment asks students to “create an answer or 
product that demonstrates their knowledge or skills” 
(OTA 1992, p. 5). They may take the form of any num- 
ber of tests that evaluate student performance includ- 
ing conducting experiments, answering open-response 
questions, computing mathematics equations, present- 
ing an oral argument, writing an essay, and creating a 
portfolio of work accomplished throughout the school 
year. According to the Office of Technology 
Assessment (OTA 1992, p. 18), performance-based 
assessments generally 


@ allow students to create their own response rather than 
to choose between several already created answers; 


@ are criterion-referenced, or provide a standard accord- 
ing to which a student’s work is evaluated rather 
than in comparison with other students; 


@ concentrate on the problem-solving process rather 
than on just obtaining the correct answer; and 


@ require that trained teachers or others carefully 
evaluate the assessments and provide consistency 
across scorers. 


Performance-based assessment has been gaining sup- 
port as an alternative or supplement to traditional stan- 
dardized tests. Proponents suggest that performance 
assessments more closely link assessment and instruc- 
tion, more accurately measure the mathematic and sci- 
entific skills and knowledge advocated by the NCTM stan- 
dards, and allow a more complete account of student aca- 
demic development. By December 1992, 13 States 
reported implementing some sort of performance-based 
assessment, while 28 others reported planning or pilot- 
ing stages of performance assessments (Pechman and 
Laguarda 1993). 
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Standardized Tests and Minority Students 
Researchers have found that standardized tests are Figure 1-17. 
particularly harmful to minority students. For exam- Average percentage correct on each type of NAEP 
ple, Lomax et al. (1992) report: mathematics question: 1992 
Minority classes are receiving less quality wn 
instruction in these content areas in favor of more NEED ee ene nO 
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addition, these standardized tests reflect low level 60 GB Extended constructed response 
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One form of performance-based assessment is portfo- 
lio assessment. Students compile and submit a collection 
of work in a specific subject area completed during a 
given period of time. Supporters argue that portfolios 
encourage students to work to their best abilities and 
constantly improve their work. According to Arter and 
Spandel (1991), portfolios can 


@ provide a more complete picture of student ability 
by incorporating measures such as motivation and 
persistence; 


@ capture students’ thought processes; 


@ share with students the basis upon which they are 
judged, and thus align expectations and perfor- 
mance with assessment; and 


@ display a chronological development of student 
progress. 


However, while the portfolio method is useful for 
determining aggregate success, a recent study reports a 
significant lack of consistency between portfolio scor- 
ers—a lack great enough to draw the method's use into 
question as a reliable indicator of individual success 
(Koretz et al. 1992). This study suggests a need for bet- 
ter training of scorers. Furthermore, because many scor- 
ers are also teachers, the discrepancy in scores may 
point to a lack of understanding or consensus of what 
scorers should look for as well as of what teachers teach 
in the classroom. 

Experiments are another useful form of performance- 
based assessment. This method of assessment was used 
in a recent IAEP study which evaluated the mathematics 
and science skills of over 30,000 students in four coun- 
tries and five Canadian provinces.-' Students were tested 
on procedural tasks which they performed in front of an 
observer. In science, a majority of the questions asked 
students to draw on knowledge concerning the physical 
sciences and the nature of science; in math, students 
concentrated on measurement and geometry. The IAEP 
(NCES 1992e, p. 6) researchers discovered the following. 


@ Scores varied widely from task to task, suggesting 
that the measures tap a range of skills and knowl- 
edge. 


@ Scores on the various tasks varied significantly be- 
tween countries/provinces in systematic ways, indi- 
cating real differences in performance between the 
various populations. 


@ The relative performances of countries and provinces 
were generally different from those identified by 
the written tests covering related curricular areas, 
suggesting that this method of assessment let stu- 


‘The United States decided not to participate in the project until it 
could evaluate the results of this assessment. 


dents demonstrate their skills in ways that were not 
possible with traditional written tests.” 


Trends Toward State Frameworks and Higher 
Standards for Student Performance 


Some educators and policymakers believe that the 
skills and knowledge students should attain must be 
clearly defined and must emphasize high-level thinking. 
As a result, there has been a good deal of recent work to 
establish frameworks for curriculum and set high stan- 
dards in all curriculum areas. Although there is a good 
deal of confusion over what frameworks and standards 
are, many support the view of O’Day and Smith (1992): 


“A common vision and set of curriculum frame- 
works establish the basis in systemic curriculum 
reform for aligning all parts of a state instructional 
system—core content, materials, teacher training, 
continuing professional development, and assess- 
ment—to support the goal of delivering a high-quali- 
ty curriculum to all children” (p. 25). 


In this view, performance standards describe what stu- 
dents should know and be able to do. Curriculum frame- 
works outline the content expected to be taught in core 
disciplines. Most importantly, all elements of the broadly 
defined education system are linked in a common effort 
to accomplish common goals. 

Several groups have been involved in designing frame- 
works for science and mathematics (e.g., NCTM, the 
National Research Council, the National Science Teachers 
Association, the American Association for the Advance- 
ment of Science’s Project 2061), but establishing frame- 
works and setting standards is largely a state initiative.” 

According to the Council of Chief State School Officers 
(CCSSO), most of the change at the state policy level has 
reflected the NCTM standards in math. This process is 
still in its initial stages of implementation, with most 
States only piloting sample groups of schools or stu- 
dents. A safe estimation of activity is that approximately 


Another notable finding from the [AEP study provides insight into 
the different strategies students from different countries use to com- 
plete tasks. Student approaches ranged from guessing, to »stimating, 
to calculating precise answers, depending on the strategies taught in 
the respective countries. For instance, Taiwanese and Scottish stu- 
dents tended to use precision over estimation, while those from 
Alberta and Saskatchewan showed a preference for estimation over 
precision. 

NCTM has been in the forefront of developing curriculum standards 
in math, and is frequently used as a strong resource and guideline for 
states interested in developing their own. Developed by professionals 
and education experts from 1986-88, the NCTM project subdivided 
grades into three categories, K-4, 5-8, and 912, and developed 13 spe- 
cific statements about what each group should be able to do for each 
subdivision. Common themes throughout the standards include 
hands-on activities, access to quality instruction and equipment, coop- 
erative work, problem-solving tasks, justification of thought process, 
and application of concepts to other areas outside of mathematics 
(NCTM 1989). The National Research Council of the National Academy 
of Sciences and the National Academy of Engineering expect to devel- 
op science education standards by fall 1994. 
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half of the States have developed or are moving toward 
curriculum frameworks in mathematics or science. How- 
ever, exact determination is difficult because of a differ- 
ence in judgment as to what constitutes a new curricu- 
lum framework. Lack of cohesive definitions among offi- 
cials, policymakers, practitioners, and researchers point 
to one problem. Even the words “frameworks” and “stan- 
dards” are used “idiosyncratically” (Pechman and 
Laguarda 1993). 

For instance, according to a 1992 CCSSO survey, 24 
States currently have curriculum trameworks reflecting 
the NCTM standards, and 17 others are revising their 
frameworks to reflect the NCTM standards. Four States are 
developing frameworks to go with NCTM standards while 
six States have no such frameworks. The same study 
shows that 30 States have frameworks in science, while 15 
are developing them. However, a 1992-93 study conducted 
informally by interviewing state officials by telephone 
determined a much lower level of state activity. This study 
found that only 15 States have established curriculum 
frameworks in math, and 9 have frameworks in science. 
An additional 15 States are developing curriculum frame- 
works in math, and 16 others are developing them in sci- 
ence (Pechman and Laguarda 1993). Such discrepancies 
point to the complex nature of the change itself. While 
changes at the policy level are evident, it is too early to 
determine how any national movement toward curriculum 
frameworks at the state and local level will affect teaching 


practices in the classroom and student learning. 

If progress on the development of curriculum frame- 
works is slow, it is reasonable to assume that the more 
ambitious goals of systemic reform will be particularly 
challenging. Recent research suggests that policymak- 
ers are grappling with some of the complexities of 
reform. As Fuhrman and Massell (1992) report: 


“Systemic reform ideas seem to require unprece- 
dented efforts to integrate separate policies, new 
strategies of policy sequencing, novel processes to 
involve the public and professionals in setting stan- 
dards, challenges to traditional politics, complex 
efforts to balance state leadership with flexibility at 
the school site, extraordinary investment in profes- 
sional development, and creative approaches to 
serving the varied needs of students. To compound 
the challenge, states are facing these extremely 
demanding issues at a time of severe fiscal difficui- 
ty” (p. 24). 

Despite these difficulties, there are a number of promis- 
ing new strategies and evidence of a growing commitment 
to continue the expansion and inclusion of American pop- 
ular education. Given the complexity of the task, the 
Nation’s commitment to raising the science and mathe 
matics skills and knowledge of all Americans will surely 
be tested. 
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HIGHLIGHTS 


INTERNATIONAL COMPARISONS 


¢ Asian countries emphasize science and engi- 
neering in their education systems more than 
do European or North American countries. In 
1990, six Asian countries produced more than a half- 
million natural science and engineering (NS&E) bach- 
elor degrees, slightly more than the number of NS&E 
degrees produced in Europe and North America 
combined. Also, Asia's ratio of NS&E degrees to total 
first university degrees is higher than in Europe or 
North America. 


@ Compared to other countries, a high percentage 
of U.S. students receive a university education. 
In 1991, 31 percent of the U.S. college-age cohort 
obtained a university degree, a proportion second 
only to Canada’s. 


U.S. HIGHER EDUCATION INSTITUTIONS 


@ Enrollments in higher education doubled between 
1967 and 1991. In 1991, 14 million students were 
enrolled in 3,600 institutions. The largest rates of 
growth in student enrollments occurred in 2-year 
community, junior, and technical colleges and in 


“comprehensive” schools. 


@ Degrees in higher education reached 1.9 mil- 
lion in 1991, of which 500,000 were in sci- 
ence and engineering. As in past years, most S&E 
degrees were produced by research-intensive and 
comprehensive schools at the bachelors and masters 
levels, and by research-intensi.’: and doctoral-grant- 
ing universities at the doctorate level. 


UNDERGRADUATE STUDENTS AND DEGREES 


@ Undergraduate enrollments increased 3 percent 
a year between 1986 and 1991. Part of this 
increase is due to higher participation rates by older 
students, women, and minorities. By 1991, 66 percent 
of the 12.4 million students enrolled in undergradu- 
ate institutions were women and minorities. 

@ Freshmen interest in S&E majors is increasing. 
The percentages of underrepresented minorities 
planning to study physics, biology, and engineering 
doubled in the last 20 years. National Merit Scholars, 
who showed declining interest in the NS&E in the late 
eighties, expressed increasing interest in these 
majors between 1989 and 1992. 


@ Engineering enrollments have increased since 
1990. This increase is attributable to participation 
by women and minorities, whose total enrollment 
reached 116,000 in 1991—or 31 percent of all under- 


graduate engineering enrollment. 

@ Degrees continued to decline in some S&E fields. 
Between 1986 and 1991, the absolute number of 
degrees in engineering and mathematics/computer sci- 
ence fields showed a continual decline. In 1991, how- 
ever, there was an upturn in natural science degrees 
due to increased participation rates for females. 


@ Women and minorities obtained an increasing 


percentage of S&E degrees. Women obtained 45 
percent of all bachelors degrees in the natural sci- 


ences in 1991. Their participation rate in engineering 
degrees grew from 2 to 16 percent between 1975 and 
1991. Underrepresented minorities (blacks, His- 
panics, and Native Americans) modestly improved 
their participation rates in S&E degrees, from 9.5 per- 
cent in 1977 to 10.7 percent in 1991. 


GRADUATE STUDENTS AND DEGREES 


@ Graduate student S&E enrollments grew steadily 
at a rate of 2 percent per year from 1977-91. 
Much of this growth was driven by large increases in 
the numbers of women and non-U.S. citizens entering 
these programs. By 1991, more than one-third of 
graduate S&E students were female and another quar- 
ter were foreign citizens. 


@ Masters degrees in the natural sciences ob- 
tained by males declined by one-third between 
1975 and 1991. This decline, from 12,000 to 8,000 
degrees, was somewhat offset by increasing numbers 
of degrees to females. 


@ At the doctorate level, the number of engineer- 
ing degrees grew at a faster rate than any other 


field. Engineering degrees grew 6 percent annually 
since 1978, reaching over 5,000 degrees in 1991. 


@ Foreign students continued to increase their 
percentage of U.S. doctoral degrees in S&E. In 
1991, foreign students obtained over 25 percent of all 
natural science degrees, over 40 percent of mathe- 
matics/computer science degrees, and over 45 per- 
cent of engineering degrees. 


Science & Engineenng indicators — 1993 


@ Asian countries depend on U.S. graduate 
schools to educate a significant proportion of 
their doctoral students. Moreover, more than three 
times as many Asian S&E doctoral recipients planned 
to stay and work in the United States as S&E doctor- 
ate-holders from the Americas and Europe. 


introduction 
Chapter Background 


Higher education in science and engineering (S&E) is 
an issue of growing importance both nationally and glob- 
ally. To highlight key aspects of that issue, the indicators 
in this chapter have been grouped into the following 
topic areas. 


@ Global education levels. Access to higher education 
has implications for the skill levels and technologi- 
cal capabilities of a society, and it is useful to com- 
pare university degrees across countries in three 
world regions that currently dominate global eco- 
nomic growth: Asia, Europe, and North America. 
Comparisons are made of the participation rates of 
college-age cohorts in S&E degrees, and of differ- 
ences in access to university education for males 
and females in selected countries. 


@ Characteristics of U.S. institutions that grant degrees 
in S&E. Universities and colleges are classified to 
show in which types of institutions students obtain 
the majority of S&E degrees at different degree lev- 
els. Data on undergraduate instruction in science 
fields are grouped by type of institution to show dif- 
ferences in aspects of S&E education, e.g., the pro- 
portion of teaching between full-time faculty and 
teaching assistants. 


@ Characteristics of the U.S. student population at the 
undergraduate and graduate levels. For several 
years, there has been national concern over the 
declining interest of American students in siudying 
S&E at the higher education levels. However, recent 
data on freshman major choices, enrollments, and 
degrees indicate an increasing interest in SE edu- 
cation. Initial indicators show a turnaround in inter- 
est in ScE on the part of all students, and successful 
degree completions in S&E by rising numbers of 
women and underrepresented minorities. 


@ Foreign students in U.S. higher education. The \.s. 
higher education system plays a significant role in 
training the S&E human resource base in other 


FINANCIAL SUPPORT 


@ By 1991, research assistantships were 28 per- 
cent of the primary support for S&E graduate 
students. Fueled by growing university research 
funding, research assistantships and teaching 
assistantships have, over the last 20 years, displaced 
fellowships and traineeships as the major graduate 
support mechanism. 


countries. U.S. academic institutions attract many 
highly qualified foreign students who persist in 
advanced study and research and obtain doctoral 
degrees in science and engineering. The number of 
foreign students in graduate S&E programs has 
grown so fast that they now account for almost half 
of the doctorates awarded in some S&F fields. 


Chapter Organization 


This chapter is organized into five major parts. The 
first begins with a broad picture of international educa- 
tion levels to provide a context for U.s. higher education 
in science and engineering. This discussion makes use 
of a new global database on human resources for science 
in order to compare bachelors level university degrees in 
the natural sciences, social sciences, and engineering. 
Degree data in these fields are available for 6 Asian 
countries, 22 European countries, and 3 North American 
countries. 

The second part shifts to the United States, and pro- 
vides a brief overview of higher education for all levels 
and fields of study. It addresses indicators related to the 
characteristics of U.S. academic institutions, including 
the different types of institutions that award Sck degrees 
at various levels. New data are included on the hours of 
instruction undergraduates receive from fulltime faculty 
versus teaching assistants in selected science fields at 
different types of institutions. 

The next part focuses on indicators of undergraduate 
S&E enrollment and degrees, providing more disaggrega- 
tion in fields of science in U.s. higher education than was 
possible for the international education discussion. For 
the first time in the Science & Engineering Indicators 
series, the chapter includes data on associate degrees in 
SE and in engineering technology; it also presents infor- 
mation on technical education in Japan and Germany. 

The fourth part of the chapter describes the graduate 
SE student population by sex and race/ethnicity as well 
as citizenship, and provides new data on the stay rates of 
foreign doctoral recipients by country of origin. 

The final part of the chapter provides information on 
major sources of financial support. Although data on 


undergraduate students are limited, data on graduate 
students in science and engineering are more exten- 
sive, covering the primary source and mechanism of 
support in various S&F fields for U.S. citizens and for- 
eign students. 


international Comparisons 
First University Degrees' 


The following discussion compares access to higher 
education in general and to the study of science and 
engineering in particular within three regions—North 
America, Europe, and Asia. The North American region 
includes Canada, the United States, and Mexico. The 
European region includes 22 countries for which data 
were available. (See appendix table 2-1.) The Asian 
region includes only six countries—China, India, Japan, 
Singapore, South Korea, and Taiwan—but these six rep- 
resent 77 percent of Asia's, and 44 percent of the world’s, 
population. 


Asia. The six Asian countries annually produce more 
than 0.5 million natural science and engineering (NS&E) 
first university degrees—slightly more than the number 
of NS&E degrees produced in Europe and North America 
combined.* (See text table 2-1.) 

The percentage of the college-age cohort—i.e., of 22- 
year-olds—who obtain a higher education degree varies 
widely among Asian countries by level of economic 
development. For example, only about | percent of 
China's 127 million 22-year-olds receives a university 
degree; this is the lowest participation rate in university 
education of all the countries listed in figure 2-1. On the 
other hand, 22 percent of Japan's 9 million 22-year-olds 
receive a university degree—a participation rate some- 
what approaching that of the United States (31 percent). 
For the Asia region as a whole, only about 4 percent of 
the college-age cohort receives a university degree, com- 
pared to 11 percent in Europe and 24 percent in North 
America. 

Although only about 1 percent of the 220 million 22- 
year-olds in Asian countries receive NS&E degrees (com- 
pared to 3 percent in Europe and 4 percent in North 
America—see appendix table 2-1), the ratio of NS&E 
degrees to total first university degrees is higher in Asia 
than in the other two regions. Within NS&e, there are 
significant variations by country. In China, 37 percent of 
all first university degrees are in engineering, while 
India only awards 4 percent of these degrees in this 
field and 20 percent in the natural sciences. Japan 


Data in this section are primarily taken from Science Resources 
Studies Division, National Science Foundation, Global Database on 
Human Resources for Science and Engineering. 

“Note that in these international comparisons, the natural sciences 
include the mathematical and computer sciences as well as the biologi 
cal and agricultural, environmental. and phy acal sciences. 
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Text table 2-1. 
First university degrees in S&E, by region: 1990 


North 
Europe America 


Field Asia 

All first university 

degrees......... 1,673,901 813,650 1,356,618 
Natural sciences 252.767 124,000 128.483 
Social sciences . 95.071 104.205 201.210 
Engineering ...... 261,410 134.813 118,704 

See appendix table 2-1 Saence & Engineenng indicators — 1993 


awards 20 percent of its first university degrees in engi- 
neering, and 6 percent in the natural sciences. (See fig- 
ure 2-2.) 


Europe. Like Asia, the Central European countries— 
until recently—had very high ratios of NS&E degrees to 
total first university degrees. When those economies 
higher education was emphasized as a way to build the 
communist state. Before its collapse, the Soviet Union 
had the highest ratio in the world of 22-year-olds with 
NS&E degrees—9 percent.’ As countries such as Poland 
and Hungary continue to evolve toward more open 
tunities to study non-S&E fields: Consequently, their 
ratios of NS&E degrees to total first university degrees 
are declining. 

Among Western European countries, Germany has 
the highest percentage of college-age population with 
NS&E degrees—5 percent if Fachhochschulen (4-year 
degrees) are included, and 3.5 percent if only 5-year uni- 
versity degrees are considered. Spain has the highest 
university participation rate in all of Europe—19 percent 
of its college-age cohort. Spain's University Reform Law 
in 1983 and subsequent curriculum reforms increased 
university graduates in science and engineering 
(Education Newsletter 1992). Between 1975 and 1990, 
NS&E degrees in Spain increased from 1 to 3 percent of 
the college-age cohort. 


North America. In the North American region, 
Mexico has the highest ratio of NS&E degrees to total 
degrees: 25 percent of all first university degrees in 
Mexican universities are awarded in engineering. In con- 
trast, only 6 percent of all first university degrees in 
Canada and 7 percent in the United States are in engi- 
neering. However, Mexico's university system is, like 
that of European countries, very elite. Just 8 percent of 
the college-age cohort obtains a university degree. 
Participation rates in university education are four times 
higher in Canada and the United States than in Mexico. 


Many of these were in engineenng technology 
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Figure 2-1. 


Percentage of 22-year-olds with first university 
degrees in natural sciences and engineering, 


by country: 1990 
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NOTE: Belgium data are for 1988; data for Albania, Czechoslovakia, 
and Portugal are for 1989; and data for Austria, Finland, Greece, 
Sweden, the United Kingdom, and the United States are for 1991. 


See appendix table 2-1. Science & Engineering indicators - 1993 


Participation Rates in NS&E Degrees by Sex 


Access to NS&E degrees differs among countries and 
regions, but it varies still more by sex of students. (See 
text table 2-2.) In all countries for which NS&E degree 
data are available by sex of recipient, males receive the 
overwhelming majority of such awards. Japan has the 
highest proportion of male college-age students who 
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obtain a first university degree in NS&E (11 percent), but 
the lowest proportion of females (fewer than 1 percent). 
Among the countries studied, South Korean females 
have the highest participation rate in NS&E degrees.* 
European women have a slightly higher participation 
rate in NS&E degrees than do women in other Asian 
countries and in the United States. 

In terms of all first university degree awards, South 
Korean women have the highest participation rate (15 


‘This access to S&E degrees does not yet translate into a high pro- 
portion of females in the Korean S&E workforce, however (Jamison 
1992). 


Figure 2-2. 

Science and engineering degrees as a 
proportion of all first university degrees, 
by country: 1990 


NOTE: Belgium data are for 1988; data for Albania, Czechoslovakia, 
and Portugal are for 1989; and data for Austria, Finiand, Greece, 
Sweden, the United Kingdom, and the United States are“ 1991. 


See appendix table 2-2. Science & Engineering Ind:_ators — 1993 


percent) of any Asian, European, or North American 
country except the United States (30.5 percent). By 
current world standards, Japanese and Taiwanese 
women are also highly educated, and are more likely to 
receive a university education than females in France, 
Germany, or the United Kingdom. (See appendix table 
2-3.) 


Characteristics of Higher 
Education Institutions 


There are 3,611 (1,566 public and 2,045 private) insti- 
tutions of higher education in the United States (HEP 
1993). In 1991, these institutions enrolled 14 million 
students and awarded almost 2 million degrees, a quar- 
ter of which were in S&E. (See figure 2-3.) The Carnegie 
Foundation for the Advancement of Teaching has clas- 
sified those institutions into 10 categories based on the 
size of their baccalaureate and graduate degree pro- 
grams, the amount of research funding they receive, 
and—for liberal arts schools—their selectivity of stu- 
dents. First introduced in 1970, and periodically 
revised since, the classification scheme helps identify 
those schools that make the most significant contribu- 
tions to S&E education in the United States. See 
“Classification of Academic Institutions” for a brief 
description of the Carnegie categories used in this 
chapter. 

The number of students enrolled in U.S. institutions of 
higher education doubled between 1967 and 1991, rising 
from almost 7 million to 14 million. By type of institution, 
the largest rates of growth in student enrollments 
occurred in two categories: 2-year community, junior, 
and technical colleges; and comprehensive schools. 
Enrollment at these institutions grew at annual rates of 6 
and 3 percent, respectively. (See figure 2-4.) In contrast, 
enrollment at liberal arts schools and research universi- 
ties increased about | percent annually for the last 23 
years. (See appendix table 2-4.) 


Institutions With S&E Programs 


Different categories of academic institutions predomi- 
nate at each degree level. shis section highlights the 
dominant Carnegie classes awarding associate, bache- 
lors, masters, and doctoral degrees in science and engi- 
neering. 


The Japanese Imperial Government restricted higher education at 
the major universities in Korea during its 1905-45 occupation, but 
allowed missionaries to educate women, thereby contributing to the 
high level of female university graduates in Korea. 

"The Carnegie classification is not an assessment guide, nor are the 
distinctions between classification sublevels (e.g., research | and 
research II) based on institutions’ educational quality. Liberal arts | 
schools exercise more selectivity regarding students than do liberal 
arts II institutions, but in general the Carnegie categories are a typolo- 
gy, not a rank ordering. 
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Text table 2-2. 
First university degrees in NS&E, by sex 
and country 
Country Males Females 
Percentage of college-age population 
ne ‘ 1. 
SE 8.5 1.5 
id. 96.6 Geneon 10.8 0.9 
re 3.9 1.9 
South Korea........ 9.5 2.1 
Pe 48 1.9 
ee 6.7 1.5 
United Kingdom ..... 46 1.8 
United States ....... 7.4 1.4 


See appendix table 2-3. Science & Engineering Indicators — 1993 


Associate Degree Level. About 1,300 2-year institu- 
tions produce the overwhelming majority of associate 
degrees,’ which represent a full quarter (484,800) of all 
degrees awarded in U.S. higher education. Only a small 
percentage of these degrees, however, are in science or 
engineering. In 1991, fewer than 4 percent of associate 
degrees (or 19,352) were awerded in S&E fields, and 9 
percent (45,000) were awarded in engineering technolo- 
gy. These institutions thus account for only 1 percent of 
the 1.9 million S&E degrees in higher education. They 
do, however, account for 10 percent of the 64,586 engi- 
neering technology degrees in higher education. (See 
figure 2-3 and discussion on “Associate Degrees in S&E” 
later in this chapter.) 


Bachelors Degree Level. There are 1,448 institu- 
tions that granted 356,000 degrees in S&E fields in 1991. 
(See text table 2-3.) Over 75 percent of all institutions 
with S&E baccalaureate programs are either comprehen- 
sive or liberal arts institutions. (See appendix tables 2-5 
and 2-6.) However, the largest proportions of baccalaure- 
ates in S&E fields continue to be awarded by research 
and comprehensive schools. (See figure 2-5.) In 1991, 
they awarded 38 and 34 percent, respectively, of the year’s 
S&E degrees. Liberal arts schools granted 10 percent of 
all S&E degrees that year. (See appendix table 2-5.) 

Viewed in terms of S&E productivity, the relative signif- 
icance of these three types of institutions changes some- 
what. (See appendix table 2-5.) In 1991, 


@ S&E degrees accounted for almost 48 percent of the 
degrees awarded by liberal arts I schools. The 
degree awards were mainly in the social sciences. 

@ S&E degrees represented 44 percent of the degrees 
awarded by research I institutions; these were 
mainly in the natural sciences and engineering. 


Associate degrees are granted for prebaccalaureate 2- to 3-year pro- 
grams of study at the junior and community college level. 


| 
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Figure 2-3. 


U.S. higher education in 1991: Students, institutions, and degrees 
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3,793,207 in 592 comprehensive | & |! institutions 


14 million 
students +7 692,475 
enrolled in 554 
in 3,600 liberal 
institutions... 5,591,000 in 1,505 2-year institutions arts | & Il 
institutions 
439,061 in 335 
specialized 
institutions 
, 
..earn 1.9 million eg 
...0f which 500,000 are in S&E: 
@ 23,979 doctorctes 
© 78,368 masters degrees 
¢@ 337,675 bachelors degrees 
@ 19,352 associates degrees 


NOTES: There were an additional 232,026 students enrolled in 71 “other” institutions. S&E = science and engineering. 


3ee appendix tables 2-3, 2-4, 2-5, 2-6, and 2-17. 


@ S&E degrees accounted for over 24 percent of the 
degrees awarded by comprehensive I| schools; 
these were split between the natural sciences/engi- 
neering and the social sciences. 


Masters Degree Level. As at the bachelors level, 
comprehensive institutions make up the largest propor- 
tion of the 738 institutions with S&E programs at the 
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masters level. (See figure 2-6.) However, S&E masters 
degree production is most highly concentrated in 
research universities: Almost 50 percent of the 79,500 
S&E masters degrees in 1991 were awarded by this insti- 
tution type. Comprehensive schools, on the other hand, 
produce only a quarter of all ScE masters degrees. (See 
text table 2-3.) 
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Following are brie ‘ descriptions of the Carnegie cat- 
egories used in this chapter (Carnegie 1987). 


Research |: These institutions offer a full range of 
baccalaureate programs, are committed to graduate edu- 
cation through the doctorate degree, and give high prior- 
ity to research. They receive at least $33.5 million annual- 
ly in federal support and award at least 50 Ph.D. degrees. 


Research Il: Same as research I, except that they 
receive between $12.5 and $33.5 million annually in 
federal support and award at least 50 Ph.D. degrees. 


Doctorate-granting !: In addition to offering a full 
range of baccalaureate programs, the mission of these 


institutions includes a commitment to graduate educa- 
tion through the doctoral degree. They award 40 or 
more Ph.D. degrees annually in at least five academic 
disciplines. 


Doctorate-granting II: Same as doctorate-granting 
I, except that they award 20 or more Ph.D. degrees 
annually in at least one discipline or 10 or more Ph.D. 
degrees in at least three disciplines. 


Comprehensive !: These institutions offer bac- 
calaureate programs and, with few exceptions, gradu- 
ate education through the masters degree. More than 
half of their baccalaureate degrees are awarded in two 
or more occupational or professional disciplines such 
as engineering or business administration. All of the 
institutions in this group enroll at least 2,500 students. 


Comprehensive !I: Same as comprehensive I, 
except that they may also offer graduate education 


Classification of Academic Institutions 


through the masters degree. All of the institutions in 
this group enroll between 1,500 and 2,500 students. 


Liberal arts I: These highly selective institutions 
are primarily undergraduate colleges that award more 
than half of their baccalaureate degrees in arts and sci- 
ence fields. 


Liberal arts Il: These institutions are primarily 
undergraduate colleges that award more than half 
their degrees in liberal arts fields. This category 
includes a group of colleges that award fewer than half 
their degrees in liberal arts fields, but—with fewer 
than 1,500 students—are too small to be considered 
comprehensive. 


Two-year community, junior, and technical col- 
leges: These institutions offer certificate or degree 
programs through the associate degree level and, with 
few exceptions, offer no baccalaureate degrees. 


Professional schools and other specialized 
institutions: These institutions offer degrees ranging 
from the bachelors to the doctorate. At least half of the 
degrees awarded by these institutions are in a single 
specialized field. These institutions include theological 
seminaries, bible colleges, and other institutions offer- 
ing degrees in religion; medical schools and centers; 
other separate health profession schools; law schools; 
engineering and technology schools; business and 
management schools; schools of art, music, and 
design; teachers colleges, and corporate-sponsored 
institutions. 


Text table 2-3. 

S&E bachelors and masters degree awards, 

by institution type: 1991 

Carnegie Bachelors degrees §_ Masters degrees 
category’ institutions Degrees institutions Degrees 
rn wi staews 1,448 337,675 738 78,368 
Research..... 101 132,108 101 38,573 
Doctoral... ... 102 49,371 105 14,679 
Comprehensive.. 586 112,195 368 19,810 
Liberalarts.... 527 36,231 72 1,624 
Two-year..... 20 515 0 0 
Specialized... . 94 4,866 69 2,182 
ee 15 0 22 1,476 


‘Combines categories | and II. 
See appendix tables 2-5 and 2-6. 
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Doctoral Degree Level. At the doctoral level, degree 
production is highly concentrated: 150 research I, 
research II, anc doctorate-granting | universities pro- 
duce nearly 90 percent of all SE doctorates, and receive 
90 percent of all academic R&D funding (President's 
Council of Advisors on Science and Technology 1992). 
Collectively, these universities are three times the size 
they were 30 years ago in terms of enrollment and 
degree production and number of faculty and research 
staff. Due to research budget constraints, however, 
these research-intensive institutions are not expected to 
grow as they did in the 1960s and again in the 1980s. It 
has thus been postulated that only a very small fraction 
of current and future doctoral recipients in science and 
engineering can aspire to careers in academic research 
and teaching in research universities (Goodstein 1993). 


Undergraduate Instruction by Type of Faculty 


National concern over the quality of undergraduate 
education in science, mathematics, and engineering, and 
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Figure 2-4. 
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the relative priorities assigned to research and teaching, 
has been widely noted and discussed." The specific issue 
is whether professors have advanced their field of spe- 
cialization through research while entrusting their teach- 
ing duties to other faculty. Initial data that can shed 
some light on this issue are currently available for three 
fields—physics, geology, and sociology.” Full-time facul- 
ty in these disciplines account for 79 percent or more of 
the instructional contact hours with undergraduates; 
teaching assistants have 12 percent or less of instruction- 
al contact hours. The balance of instruction was provided 
by part-time and adjunct faculty. Text table 2-4 shows the 
percentage of instruction by full-time faculty in these 
fields across all institutions. 

When instructional hours are examined by institution 
type, it can be seen that undergraduates at research- 
intensive universities (research I and II) receive a much 
larger percentage of their instruction from teaching 
assistants. (See figure 2-7.) 

Teaching assistantships (TAs) account for about 21 
percent of the primary support of SGE graduate students 


‘See for example, Sigma Xi (1989) an’ Brown (1992). 

‘A comprehensive national survey of university faculty will be com- 
pleted by 1995 to provide data on facult | characteristics and time spent 
in research and teaching by specific field. Currently available data are 
from the National Science Foundation’s Higher Education Surveys, 
which gather national information on undergraduate curricula from 2- 
and 4-year colleges and universities. The three fields for which surveys 
have been completed as of this writing are geology, physics, and soci- 
ology (SRS 1992d, 1992e, and 1992f). Departments in these fields speci- 
fied the hours of undergraduate instruction provided by professors and 
teaching assistants for lectures, laboratory work, and discussion 


groups. 


Figure 2-5. 
Bachelors degrees awarded, by institution type: 1991 
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NOTE: The natural sciences include math/computer sciences. 
See appendix tabie 2-5. Science & Engineering Indicators - 1993 
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Figure 2-6. 


Masters dégrees awarded, by institution type: 1991 
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(SRS 1993a). (See appendix table 2-32.) In 1991, about 
65,000 graduate students—mostly concentrated in re- 
search universities and doctoral-granting institutions— 
received such assistantships."” Teaching assistants provide 
over 36 percent of undergraduate instructional contact 
hours in physics at research universities, but only 3 per- 
cent at comprehensive universities or liberal arts colleges. 


Undergraduate S&E Students 
and Degrees 


This section provides data on enrollments of under- 
graduates and their plans to major in science and engi- 
neering. It also presents data on actual associate and 
bachelors degrees awarded. Trends are provided by sex 
and race/ethnicity. 


Recent Trends in College Enroliments 


The pool of college-age students (20- to 24-year-olds) 
has been decreasing by about 2 percent annually since 
1980. Nonetheless, undergraduate enrollments increased 
during the 1980s—almost 3 percent during the latter half 
of the decade. Moreover, between 1990 and 1991, enroll- 
ments increased 4 percent, when an additional 500,000 
students raised undergraduate enrollments to 12.4 mil- 
lion. (See appendix table 2-8.) 

In the face of a declining college-age population, part 
of this increased enrollment is due to greater participa- 
tion in undergraduate education by older students, 
women, and minorities. By 1991, 66 percent of all stu- 
dents enrolled in undergraduate institutions were 
women and minorities. These groups represented only 
57 percent of undergraduate enrollment in 1976. Asians 
and Hispanics—especially females in these groups— 
accounted for the highest rates of increase in minority 
enrollments, with annual increases of 9 and 7 percent, 
respectively, between 1976 and 1991. 


Engineering Enroliments'' 


Because engineering programs frequently begin in 
the freshman year, students tend to declare an engineer- 
ing or engineering technology’ major early in their col- 
lege career. Data on these enrollments provide early 
indicators of future degree production. 


“An estimated 26,000 of these teaching assistants are foreign gradu- 
ate students; see “Support for S&E Graduate Students.” 

"Data in this section are from the Engineering Manpower Commis- 
sion. The commission collects trend data on full- and part-time engineer- 
ing and engineering technology enrollments in both baccalaureate and 
2-vear programs as well as on enrollments of women and minorities. 

‘Engineering technology curricula have traditionally emphasized 
nands-on experience with advanced technologies, rather than a theo- 
retical engineering curricula in mathematics and science. The 
Accreditation Board of Engineering and Technology defines engineer- 
ing technology as that part of the field requiring the application of 
knowledge and methods of science and engineering, combined with 
technical skills. 
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Text table 2—4. 
of undergraduate instruction provided 
by faculty: 1990 
Physics Geology Sociology 
ie 
Full-time faculty... ... 85 79 82 
Part-time faculty ..... 7 g 15 
Teaching assistants . . 8 12 3 


Full-time enrollments in engineering programs increased 
from the late seventies until the early eighties, and then 
declined slightly each year until 1989. This decline in 
engineering enrollments was partly based on demo- 
graphics. After 1982, the U.S. pool of college-age students 
started decreasing slightly by about 100,000 per year; 
this deciine became steeper after 1986 (500,000 a year). 
In 1990 and 1991, engineering enrollments increased 
slightly after a 9-year decline, although the pool of col- 
lege-age students has not stopped decreasing in size. 

In 1992, engineering enrollments increased substan- 
tially, as 4,700 more students enrolled in full-time under- 
graduate engineering programs than in the previous 


Figure 2-7. 


year, bringing total enrollment to 344,126 students. (See 
appendix table 2-9.) The increase was due to greater par- 
ticipation by women and minorities, whose enrollments 
reached 116,000 in 1992." (See figure 2-8.) Participation 
by these groups has been growing concurrent with 
declining enrollments in engineering by white males. 
(See appendix table 2-10.) Between 1979 and 1992, as a 
proportion of all undergraduate engineering enrollments, 


@ enrollment of blacks grew from 4 to 7 percent, 

@ enrollment of Hispanics grew from 3 to 6 percent, 
@ female enrollment rose from 12 to 17 percent, and 
@ male enrollment declined from 88 to 82 percent. 


Engineering technology enrollments declined from a 
high of 191,000 in 1981 to 128,500 in 1987; they have fluc- 
tuated slightiy each year since, remaining at about the 
1987 level. Unlike enrollments in engineering, however, 
engineering technology enrollments have not increased 
in the nineties. (See appendix table 2-9.) 


“Note, however, that even though women and minorities are an 
important portion of new enrollments, they still represent only a small 
percentage of total engineering enrollment. 


Proportion of undergraduate instruction provided by various faculty members, by field and institution type: 1990 
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NOTE: Data combine Carnegie categories | & II. 
See appendix table 2-7. 
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Characteristics of American College 
Freshmen" 


The data presented in this section provide an indica- 
tion of the growing interest of freshmen in studying S&E 
fields, as well as their perceptions of their academic pre- 
paredness for such majors. Specifically, this section 
explores trends in the following selected characteristics 
of first-time, full-time freshmen enrolled in 4-year univer- 
sities and colleges: 


@ planned majors by sex and race/ethnicity, 
@ planned majors of National Merit Scholars, and 


@ students’ self-reported need for remedial work in 
math and science. 


Planned Majors by Sex and Race/Ethnicity. For 
the last 20 years, about 30 percent of all freshmen in 4- 
year colleges and universities have said that they intend 
to major in science and engineering. Additionally, fresh- 
men of every race/ethnicity have high aspirations for 
majoring in science and engineering: In 1992, about 44 
percent of Asian, 35 percent of black and Hispanic, and 
30 percent of white and Native American freshmen 


Data on planned majors by sex, race/ethnicity, and need for reme- 
dial work are from the Higher Education Research Institute, University 
of California at Los Angeles, Survey of the American Freshman: 
National Norms, unpublished tabulations. Although the institutional 
population for this survey is drawn from all eligible institutions of high- 
er education (i.e., all institutions that were operating at the time of the 
survey and had a freshmen class of at least 25 students) listed in the 
annual U.S. Department of Education Education Directory, the actual 
sample is self-selected. For example, of the 2,725 e ligible institutions 
invited to participate in the 1989 survey, 599 responded. Some of the 
bias that may result from this selection process is reduced in the strati- 
fication scheme. 
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intended to major in science and engineering. (See 
appendix table 2-11.) 

Choice of major within S&E fields differs by sex and 
race/ethnicity. Data on freshmen intentions for the last 
20 years show that, regardless of race/ethnicity, all 
females—except Asians—intend a major in the social sci- 
ences more than in any other science field;'’ males of all 
races intend to study engineering above all other S&E 
fields. Minority females intend to major in the natural 
sciences and engineering more than do white females. 
Between 1971 and 1991, underrepresented minorities" 
have shown an increasing interest in S&E majors. (See 
figure 2-9.) 

Despite high levels of freshmen intentions for an S&E 
major, in actuality, the percentage of students majoring 
in natural science, mathematics, and engineering fields 
declines from 27 to 17 percent between freshman and 
senior years (Astin, Astin, and Dey 1992).'' Women and 
minorities experience even higher rates of attrition. 


Planned Majors of National Merit Scholars. Are 
the best and brightest students interested in pursuing 


‘Asian females intend to study the natural sciences more than any 
other S&E field. 

“Underrepresented minorities in S&E include blacks, Hispanics, and 
Native Americans. 

Compare the freshman intentions data in appendix table 2-11 with 
the earned degree data in appendix tables 2-19, 2-20, and 2-21. 


Figure 2-9. 
Minority representation among freshmen planning 
to major in a science or engineering field 
Percent 
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NOTE: Data reflect underrepresented minorities only—i.e.. blacks. 
Hispanics, and Native Amencans. 


See appendix table 2-12 Science & Engineering indicators - 1993 


Science & Engineering indicators ~ 1985 


S&E fields? One indicator for determining the answer to 
this question is the stated choice of major of National 
Merit Scholars. These students represent the top 0.5 per- 
cent of the Nation’s high school graduates in terms of 
academic achievement. In 1992, over 40 percent of all 
National Merit Scholars were interested in majoring in 
either the natural sciences or engineering. (See appendix 
table 2-13.) Interest in the biological sciences, physics, 
and mathematics and statistics increased, while plans to 
major in the social sciences and business decreased. 
Between 1985 and 1989, National Merit Scholars showed 
a declining interest in all S&E fields except the social 
sciences. From 1989 to 1992, however, this trend was 
somewhat reversed, as Merit Scholars expressed an 
increasing interest in majors in the natural sciences and 
engineering. (See figure 2-10.) 


Reported Need for Remedial Work in Math and 
Science. A large proportion of freshmen say they need 
remedial work in math and science. For the last 15 
years, about 20 percent of the freshmen class who 
intend to major in science and engineering thought they 
needed remedial work in math; about 10 percent felt 
they needed remedial work in science. (See appendix 
table 2-14.) 

The perceived need for remedial work varies by intend- 
ed major, sex, and race/ethnicity. (See figure 2-11.) In 
1992, students planning to major in engineering or the 
physical sciences were less likely to express a need for 
remedial work in math or science than were their peers 
who planned a biological or social science major. Females 
intending to study physics expressed more need for 


Figure 2-11. 


remedial work in mathematics and science than did 
males. Between 30 and 50 percent of minority students 
across all fields said they needed remedial work in math, 
and between 20 and 24 percent said they needed remedi- 
al work in science. 

Part of this lack of confidence in their ability to do col- 
lege work in math and science relates to students’ lack of 
persistence in these courses throughout high school. A 
study of coursetaking behavior of high school students 
conducted between 1987 and 1993 shows that a signifi- 
cant proportion of high school seniors do not enroll in 


Freshmen reporting need for remedial work in math and science, by intended major: 1992 


Need remedial work in math 


Need remedial work in science 
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g Technical Education in Japan and Germany 


Japan and Germany are often cited for their commit- 
ment to vocational training for skilled personnel—a 
commitment that probably contributes to their eco- 
nomic success, particularly in manufacturing indus- 
tries. Following is information on the technical educa- 
tion programs of these countries within their higher 
education systems. 

Japan has technical and junior colleges that provide, 
among others, engineering technology degrees com- 
parable to U.S. associate degrees in this field. Th. num- 
ber of Japanese degrees at this level are, however, rela- 
tively small, amounting to about one-fifth of Japan's 
university degrees in engineering (Monbusho 1991). 
In 1991, Japan produced around 18,000 degrees at the 
associate level and 87,000 engineering degrees at the 
bachelors level. Programs of study in engineering 
technology offered at Japanese junior colleges include 
information processing, laboratory technician training, 
and electronics (Cummings 1993). Graduates in Japanese 
technical colleges are trained in more narrowly spe- 
cialized technical areas in engineering (production, 
construction, industrial chemistry, information, and 
electronics) than are junior college graduates. Over 90 
percent of Japan's junior and technical college gradu- 


ates directly enter the country’s high-skill labor force. 
German polytechnics, called Fachhochschulen, pre- 
pare students for work in various technical specialties. 
There is no equivalent institution in the United States, 
but the bachelors degree in engineering technology in 
U.S. universities is similar to the Fachhochschulen engi- 
neering degree. With approximately one-third of the 
college-age population of the United States, Germany 
produced 20,000 Fachhochschuien graduates in 1990— 
slightly more than the 19,000 U.S. engineering technol- 
ogy degrees awarded at the bachelors level that year. 
Fachhochschulen were established in the early 1970s 
as an educational reform to address the serious short- 
age of skilled workers (Friedeburg 1990). They are an 
important source of training for engineers, accounting 
for slightly more than the number of university engi- 
neering degrees awarded in Germany (Mintzes and 
Tash 1984). Germany would like to divert more of its 
engineering students from universities to Fachhoch- 
schulen and have an even greater percentage of graduates 
trained in these polytechnics. The German Govern- 
ment is establishing new Fachhochschulens in the for- 
mer East Germany to create a more highly skilled labor 
force and to foster economic growth in that region. 


any science or mathematics course.'* Females, more 
often than males, are advised that they do not need to 
take math or science in their senior year. (See appendix 
table 2-15.) In the senior class of 1993, only 13 percent of 
the males and 9 percent of the females had taken calcu- 
lus; only 32 percent of the males and 27 percent of the 
females had taken physics. (See appendix table 2-16.) 
Among all students planning a career in mathematics, 
science, or engineering, fewer than two-thirds had com- 
pleted a physics course, and only a third had attempted a 
high school calculus course. 


Associate Degrees in S&E 


Technical education contributes to a skilled and com- 
petitive labor force. (“Technical Education in Japan and 
Germany” describes how other countries provide the 
vocational training critical to a highly industrialized 
economy.) For example, most of the 700 colleges offer- 
ing associate degrees in engineering technology have 
arrangements with secondary schools to offer technical 
preparation programs, and with industry to train or 
retrain workers.’ Additionally, the increased emphasis 
on a competitive workforce has caused community 


“These data are trom the Longitudinal Sudy of American Youth 
Several other studies related to this issue are discussed in chapter 1, 
“Student Persistence in Science and Mathematics Courses.” 

Almost all of these schools also have arrangements tor student 
transter to b-vear programs (sks forthcoming) 


colleges to establish new advanced technological educa- 
tion programs. The National Science Foundation has a 
$10 million budget in 1994 to improve such programs in 
2-year institutions. This section provides some baseline 
information on associate degrees in science, engineer- 
ing, and engineering technology.” 

In 1991, of the 486,000 associate degrees awarded, only 
19,000 were in S&E fields and 45,000 were in engineering 
technology. (See appendix table 2-17.) Associate degrees 
in S&E have declined in absolute numbers from 1983 to 
1991, reflecting the decrease in the pool of U.s. college- 
age students. In engineering technology, associate 
degree awards increased an average of 6 percent per 
vear from 1975 to 1985; there has been a 2-percent annu- 
al decline since then, somewhat mirroring the decline in 
engineering bachelors degrees. 

Women receive almost half of all associate degrees 
awarded in the natural sciences and mathematics/com- 
puter sciences, but only about 11 percent of the degrees 
in engineering and engineering technology. Associate 
degrees declined between 1983 and 1991 for males, but 
not for females or underrepresented minorities. (See text 
table 2-5 and appendix tables 2-17 and 2-18.) This group 
—which includes black, Hispanic, and Native American 
students—is approximately 18 percent of the undergrad- 
uate population, and received 15 percent of the associate 


(verall trends are available for 1975 to 191: dewrees by race 
ethmecity are available tor 1483 to 1] 


Science & Engineering indicators — 1993 


Text table 2—5. 
Share of associate degrees in S&E obtained by 
underrepresented minorities 
Field 1985 1991 
ee 
All fields.............. 13.4 14.5 
All S&E fields .......... 12.2 15.1 
Natural sciences ....... 9.7 10.1 
Math/computer sciences 12.2 19.6 
Social sciences........ 26.2 25.7 
Engineering .......... 7.3 11.9 
Engineering technology . . 10.7 13.3 


degrees in S&E in 1991. This figure represents an im- 
provement in participation rates in some fields of S&E 
from 1985 levels, mainly in mathematics/computer sciences 
and engineering. Junior colleges show a greater share of 
minority achievement (earned associate degrees) than 4- 
year colleges. 


Bachelors Degrees in S&E*' 

Bachelors degree awards in science and engineering, 
like associate degrees, increased until the mid-198%s and 
then decreased for the rest of the decade. (See appendix 
table 2-19.) There were some variations by field, however. 
(See figure 2-12.) 


“Data in this section are from the National Center for Education 
Statistics, Earned Degrees and Completions Surveys. 
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@ The absolute numbers of engineering degrees declined 
4 percent annually from 1986 to 1991; this decrease par- 
tially reflected the declining college-age population. 


@ Natural science degrees declined slowly, at 2.5 per- 
cent annually, over a long time period (1977-89). 
There was a slight upturn in degrees in this field in 
1991—the result of increasing numbers of women 
obtaining degrees in natural science fields. 


@ The absolute numbers of mathematics/computer sci- 
ences degrees declined 7 percent annually from 
1986 to 1991. 


@ Social science degrees declined 3 percent annually 
from 1975 to 1985, but have increased by more than 
5 percent annually since 1985. 


By subfield, there are still more variations in degree 
award patterns. (See figure 2-12.) Tie most dramatic of 
these variations is in the computer sciences, which 
dropped 10 percent annually between 1986 and 1991 
after a long period of rapid growth. Awards in the biolog- 
ical and agricultural sciences declined slowly between 
1978 to 1989, although there has been some growth in 
these subfields since then. 


Bachelors Degrees by Sex. Women make up 55 
percent of the undergraduate population and receive 56 
percent of the bachelors degrees in the social sciences.“ 
Women are approaching similar parity in a few fields of 
the natural sciences. For example, women received 49 
percent of the bachelors degrees in the biological sci- 
ences in 1991. (See text table 2-6.) However, women 
received only 32 percent of the bachelors degrees in the 
physical sciences in 1991. Physics departments have 
only 5 percent female faculty and few minorities, perhaps 
adding to the difficulty of attracting these student popu- 
lations (SRS 1992e). Males obtain the vast majority of 
engineering and engineering technology degrees, and 
the majority of mathematics/computer sciences degrees. 

Overall, the increasing equality in the natural sciences 
has not resulted from large increases in the number of 
female degrees between 1975 and 1991; degrees to 
females during this period increased only 1 percent 
annually, from 23,000 to 29,000. Rather, there is a higher 
female participation rate because degrees awarded to 
females did not decline, as they did for men. Degrees 
awarded to men in the natural sciences began to decline 
in 1977, dropping 3 percent annually from 65,000 in 1977 
to 36,000 in 1991. (See appendix table 2-19.) 


Bachelors Degrees by Race/Ethnicity. Recent 
freshmen intentions data indicate growing interest in 
planned S&E majors among all minority groups, but 
degree data show that minority groups remain underrep- 


“Perhaps not coincidentally, the fulltime faculty of U.S. sociology 
departments includes a high proportion (41 percent) of women (sks 
19921). 


Chapter 2. Higher Education in Science and Engineenng 


Text table 2-6. 
Distribution of bachelors degrees in S&E, 
by field and sex 
1975 1991 
Field Male Female Male Female 
——-—_— Faust ————_ 
Natural sciences ......... 734 26 555 445 
Physical sciences ....... 812 88 676 324 
Environmental sciences . - 830 170 713 287 
sciences ............ 70.7 292 Si3 487 
Mattvycomputer sciences . . 629 370 639 3.1 
Mathematics........... 58.0 42 527 472 
Computer sciences ...... 810 190 639 296 
Social and behavioral 
sciences ............ 570 430 440 560 
Psychology............ 473 527 274 726 
Social sciences......... 615 3%4 S528 472 
Engineeriig............. 979 21 845 155 


resented in terms of S&E baccalaureate awards.~’ Although 
9 percent of the freshmen students who intended to 
major in S&E in 1986 were black, 4 years later only 6 per- 
cent of the bachelors degrees in S&E were obtained by 
this minority group. (See appendix tables 2-12 and 2-22.) 
Blacks attained a 3.5-percent annual increase in engi- 
neering degrees and a 7-percent annual increase in 
mathematics/computer science degrees beiween 1977 
and 1991. There has been no growth, however, in blacks’ 
degree completions in the natural sciences. Hispanic stu- 
dents increased their engineering and computer science 
degrees at annual rates of 5 and 10 percent, respectively, 
between 1977 and 1991, and increased their natural sci- 
ence degrees at an annual rate of 2 percent. These 
increases in minority degrees*' have resulted in modest 
improvements in their participation rates in NS&E 
degrees between 1977 and 1991. (See figure 2-13.) 
Foreign students are only 3 percent of the undergradu- 
ate population, but they obtain 7 percent of the engineer- 
ing degrees because of their strong focus on this field. 


Graduate S&E Students and Degrees 
Of the 415,000 graduate students in S&t fields in 1991, 
@ almost a third were in the social sciences, 

@ over a quarter were in the natural sciences, 


@ over a quarter were in engineering, and 


Studies and research on the participation of minorities im Sch edu- 
cation are discussed in “Improving Minority Participation in S&E 
Education.~ 

‘Degrees to Native Americans decreased in the same pattern as in 
the overall student population. 
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Improving Minority Participation in S&E Education 


The slow progress in improving the retention and 
degree completion rates of minorities in science and 
engineering has been widely noted and discussed 
(see, for example, Bagayoka 1993). Increasingly, 
experts are realizing that precollege preparation plays 
a significant role in future S&E degree selection and 
completion. For example, to better understand the 
determinants of success in S&E, a longitudinal study of 
25,000 undergraduate students was conducted between 
1985 and 1989. The study found that overall academic 
competence and math achievement upon entering col 
lege were most closely linked with students’ choice of 
and persistence in an S&E field (Astin, Astin, and Dey 
1992). In other words, if a student has a strong high 
school preparation, other variables—like the type of 
academic institution attended, family income, parental 
occupation, etc.—are less significant in determining 
whether the student will obtain an S&E bachelors 
degree. 

The impact of this and similar studies has led at 
least one group attempting to improve minority reten- 
tion—the National Action Council for Minorities in 
Engineering—to shift its focus to precollege pro- 
grams, including Saturday science academies, sum- 


ships, teacher enhancement, curriculum improvement, 
and problem-based learning. At the national level, 
math educators are developing standards for course- 
work and student accountability to improve academic 
preparedness at the high school level. At the federal 
level, the National Science Foundation and the 
Department of Education—with 80 percent of the 
funding for math and science education improve- 
ment—have signed a memorandum of understanding 
to coordinate their standards-based educational pro- 
grams. 

Higher education institutions are also establishing 
programs and improving introductory courses to 
reduce attrition in science and engineering. 
Curriculum reforms and innovative teaching methods 
(e.g., cooperative learning and visualization aids in 
higher mathematics) that began in a few selective 
research univers’t es are now spreading to large state 
schools (Cipra -%3). Beyond providing better teach- 
ing and remedial tutoring, higher education institu- 
tions have also been asked to enhance financial sup- 
port, social integration, student-faculty interactions, 
and essential mentoring of women and ethnic minori- 
ties to improve retention in science and engineering 
(Grant and Ward 1992). 


@ about an eighth were in mathematics and the com- 
puter sciences. 


The S&E fields showing the greatest growth in both 


between 1977 and 1991; enrollments in the natural and 
social sciences grew at less than | percent. (See appendix 
table 2-23.) 

This section discusses the growth in graduate enroll- 


enrollment and degree awards were mathematics/com- ments and degree awards, particularly among female 


puter sciences and engineering. Enrollments in these : : - 
: aa and foreign students. It also examines growth trends in 
fields grew annually at 6 and 4 percent, respectively, enecific Geide at the pry for 


Figure 2-13. 
Bachelors degrees in the natural sciences and engineering awarded to minorities 
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Recent Trends in Graduate Enroliments 


Graduate student enrollment—both at the masters 
and doctoral levels—in S&E grew steadily at a rate of 2 
percent per vear from 1977 to 1991. As in undergraduate 
S&E education, much of this growth was fueled by large 
increases in the number of women enrolling in these 
programs. The number of women enrolled in Sct gradu- 
ate programs rose from about 78,000 in 1977 to 142,000 
in 1991. By 1991, more thon a third of graduate S&t stu- 
dents were female, compared to a quarter in 1977. Repre- 
sentation of women varied by field, however, as shown in 
figure 2-14 and appendix table 2-23. 

Foreign students also drove much of the growth in 
graduate enrollment. Enrollment by foreign citizens grew 
more than 5 percent annually between 1983 and 1991: 
noms. citizens now comprise over one-quarter of all Sck 
graduate students. 

Underrepresented minorities have had a slower enroll 
ment growth rate than have all graduate students during 
this same time period, and from a smaller base’ In 
1991, blacks, Hispanics, and Native Americans together 
accounted for only about 4.6 percent of the graduate stu- 


“Data on st graduate enrollment by racial/ etha group are avail 
able for U.S. citizens only. 


Figure 2-14. 
Graduate enroliment in science and engineering 


programs, by sex 
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dent population in the natural sciences and about 4 percent 
in engineering. (See figure 2-15 and appendix table 2-24.) 


Masters Degrees in S&E> 

From 1981 to 1991, the number of cE masters degrees 
obtained each vear increased at a slightly faster rate than 
did masters degrees in all fields (2 and 1 percent, respec- 
tively). This growth masked significant differences by 
field. however. For instance. annual production of mas- 
tevs deyrees in mathematics/computer sciences and in 
engineering grew at much faster rates than did masters 
degrees in other S&t fields. Between 1981 and 1991. the 
number of degrees in mathematics/computer sciences 
increased an average of 6.7 percent annually, and nearly 
doubled over the period (from 6.800 to 13,000 degrees). 
Engineering degrees increased 4 percent annually during 
this period, reaching 24,000 degrees by 1991. Masters 
degrees in the natural sciences declined slightly from 
1981 to 1991 at a rate of 1 percent annually: social science 
degrees increased by fewer than | percent annually. 

The number of masters degrees awarded in the natu- 
ral sciences began a slow decline in 1975, as male partic? 
pation in this field dropped. The number of masters 
degrees in the natural sciences obtained by males 
declined by one-third between 1975 and 1991—dropping 
from 12.000 to 8,000. (See appendix table 2-25.) This 
decline was somewhat offset by an increasing number of 
natural science degrees for females: Masters degrees to 
females in this field increased from 3,000 to 5,000 during 
this period. Much of this growth was concentrated in the 

In contrast to this increase for women, the participa 
tion rates of underrepresented minorities in masters 
level S&E programs has changed little since 1977—either 
across all of S&E or in terms of their relative fields of con- 
centration” (See text table 2-7.) Continuing the trends 
of the last 14 years, in 1991, underrepresented minorities 
received most of their masters degrees in the social sc+ 
ences—4,600, compared to 600 degrees both in the natu- 
ral sciences and mathematics/computer sciences, and 
900 degrees in engineering. Masters degrees for Asians. 
on the other hand. were concentrated in engineering and 
in mathematics/computer sciences. Over the 1977-91 
period, annual increases in awards to Asians in these 
fields were 7 and 14 percent, respectively. 


Doctoral Degrees in SSE~ 
The number of sat doctoral degrees grew twice as 
fast as all doctoral degree awards between 1978 and 


[ata fer SAP muasters degrees are fromm the National Center for 
Education Matistics ammual surves of earned degrees. the data have 


bern ackapter! ter Nateomal Sotemer Foamedateem field cLassafkcaftpoms 
Data on race ethacity reflect (5. citizens and permanent resi 
chet uly 


Data om WA deeterates granted im the € mitedd States are from the 
National Soence Foundation’s Survey of Earned Doctorates. see ses 
(Ted) 
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Figure 2-15. 
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See appendix table 2-24. 


1991—2 percent versus 1 percent annually. The number 
of engineering doctoral degrees increased at a faster rate 
than did any other field, rising 6 percent annually since 
1978 and reaching over 5,000 degrees in 1991. The num- 
ber of mathematics/computer science doctorates 
obtained annually was around 1,000 between 1975 and 
1985; this number increased to 1,800 degrees by 1991. 


Text table 2-7. 
Share of masters degrees in S&E obtained by 
underrepresented minorities 
Field 1977 1991 
——Percent —— 
DTA +6446 0000000608 9.1 7.9 
All S&E fields ............ 7.8 7.3 
Natural sciences.......... 4.0 45 
Math/computer sciences .... 4.7 48 
Social sciences........ A 11.3 11.1 
Engineering............. 3.2 3.8 
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Natural science awards have grown modestly, increasing 
from 8,000 to 10,000 between 1975 and 1991—a 1.4 per- 
cent average annual growth rate. The production of doc- 
toral degrees in the social sciences has been quite stable 
since 1975 at about 6,500 awards annually. (See appendix 
table 2-27.) 


Doctorates by Sex and Race/Ethnicity. Females 
received half the social and behavioral science degrees 
and over a quarter of the natural science degrees at the 
doctoral level in 1991. This represents a doubling of 
female participation rates in these S&E fields since 1975. 
However, women received relatively few engineering or 
mathematics/ computer sciences degrees at the doctoral 
level—9 and 17 percent, respectively. (See appendix 
table 2-27.) 

The number of doctorates obtained by underrepre- 
sented minorities has increased in all fields of S&E, espe- 
cially the social and natural sciences.*’ This growth is 
from a small base, however: These populations still rep- 
resent only 0.4 percent of all S&E doctoral degrees. (See 
appendix table 2-28.) 


“Data on race/ethnicity reflect U.S. citizens and permanent resi- 
dents only. 


Foreign Students in U.S. Doctoral Programs 


Doctoral Awards to Foreign Students by Field. 
Foreign students continued to increase their share of 
U.S. doctoral degrees in 1991. They obtained over 25 per- 
cent of all natural science degrees, over 40 percent of 
mathematics/computer sciences degrees, and over 45 
percent of engineering degrees. (See figure 2-16.) These 
awards were primarily made to Asian natives: Students 
from Asian countries received 3 times more S&E doctor- 
ates from American universities than did students from 
North and South America and Central and Western 
Europe combined. (See “Asian Students in U.S. Universities.”) 


Foreign Student Stay Rates.” In the last few years, 
about half of the foreign students who obtained doctoral 
degrees from U.S. universities planned to stay in the 
United States following graduation. The decision to 
locate in the United States is influeaced by -mployment 
opportunities to use their advanced knowledge, as well 
as the political and economic situation in the sending 
country. Plans to stay ts vary by country of origin. ir 
1991, about 50 percent of the foreign S&E doctoral recipi- 
ents from North and South America planned to remain in 
the United States; about 56 percent of the European and 
62 percent of the Asian S&E doctoral recipients planned 


“Data in this section are derived from the National Science Founda- 
tion’s Survey of Earned Doctorates. The survey item on postgraduation 
plans has an 80-percent response rate among foreign doctoral recipients. 


Figure 2-16. 
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to stay.’ (See figure 2-18.) 

By country, Canada has had a high percentage of doc- 
toral recipients planning to remain in the United States. 
(See appendix table 2-29.) Among European nations, 
Greece and the United Kingdom have the highest per- 
centages of SKE doctorates planning to locate in the 
United States—56 and 71 percent, respectively. Among 
the Asian countries that send significant numbers of doc- 
toral students to U.S. universities, Taiwan and South 
Korea have the lowest stay rates after graduation; China 
and India have the highest. The pattern appears to be 
that as Asiari economies develop, they have more capaci- 
ty to absorb the large numbers of S&E doctorate-holders 
from U.S. universities. Because China is now the fastest 
growing economy in the world, the stay rate of U.S.-edu- 
cated doctoral recipients from China may decline in the 
near future. (See appendix table 2-29.) 

Across all countries, the percentages of those with 
firm plans to stay—i.e., those with firm appointments for 
postdoctoral study, or firm academic or industrial 
employment offers from organizations in the United 
States—are much lower than are the percentages of 
those who say they would like to stay. It is noteworthy, 


'These percentages mask huge differences in ~»mbers of doctor- 
ates. For exampk., in 1991, three times as many Asian S&F doctoral 
recipients planned to stay and work in the United States as did S&F 
doctorates from the Americas and Europe. 


Foreign citizens in U.S. graduate science and engineering programs 


As a percentage of total graduate enroliment 


| Natural sciences | 


See appendix tables 2-24 and 2-28. 
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Asian Students in U.S. Universities 


Over 400,000 foreign students—3 percent of total 
U.S. enrollment—attend U.S. institutions of higher edu- 
cation. Over half of these students (55 percent) come 
from Asia: In 1991, 43 percent of undergraduate for- 
eign students were Asian, and 65 percent of the gradu- 
ate (IIE 1991). One reason for this concentration is that 
the sharp jump in the value of Asian currencies rela- 
tive to the U.S. dollar has greatly increased the number 
of Asian students with the financial ability to study in 
this country (SRS 1993c). 

Asians tend to major in S&E. Over 80 percent of the 
baccalaureates obtained in the United States by Asian 
natives were in S&E in 1991 (SRS 1993c). Japanese stu- 
dents are the single exception to this trend. (See text 
table 2-8.) Over half of the Japanese students enrolled 
in undergraduate programs at U.S. universities in 
1989/90 were in non-S&E fields. 

At the graduate level, too, a large percentage of 
Asian students in U.S. universities are enrolled in S&E 
programs. For example, 96 percent of Taiwanese stu- 
dents and 93 percent of Indian students were in S&E 
fields in 1989/90. Asian countries have encouraged 
this focus on science and engineering by providing 
scholarships for study abroad in these fields. 

U.S. higher education institutions are also a signifi- 
cant source for the doctoral education of Asian stu- 
dents, educating—based on data from China, India, 
Japan, South Korea, and Taiwan—approximately one- 
quarter of Asian Ph.D. recipients. U.S. universities pro- 
vide more engineering doctorates to Indian students 
than does Indiz, and more natural science and engi- 
neering doctorates to Taiwanese students than does 
Taiwan. About half of South Korea’s doctoral degrees, 
and one-third of China’s, are from U.S. universities. On 
the other hand, Japanese scientists and engineers 


Text table 2-8. 
Asian students in U.S. universities 


Figure 2-17. 
Docioraies obtained in natural sciences and 
engineering by Asians within country and in 


the United States: 1990 
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SOURCE. Science Resources Studies Division, National Science 
Foundation, Human Resources for Science and Technology: The Asian 
Region, NSF 93-303 (Washington, DC: NSF, 1993). 
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obtain only a small fraction of their doctorates in the 
United States. (See figure 2-17.) 


Total enroliment in U.S. institutions Study level | | Major field of study — “ 

Country 1989/90 1990/91 Undergraduate Graduate Natural sciences Engineering 
Number Percent. - ——--—---- --— 
nD 2-.ks sbciaaawncwne 33,390 39,600 12.9 82.7 44.0 20.1 
eS 30,960 33,530 19.0 76.3 51.0 45.0 
0 err ye res 29,840 36,610 61.7 19.5 31.0 14.0 
ee eee 26,240 28,860 21.1 75.5 40.9 52.5 
<i 6. seh awed an 21,710 23,360 24.1 69.7 45.4 35.6 


NOTES: Percentages by degree level and field are estimated from the Institute of International Education 1989/90 foreign student survey. Details do not add to 


100 because of additional data not included here. 


SOURCES: Institute of International Education (IIE), Profiles 1989-90. Detailed Analyses of the Foreign Student Population (New York: 1990); and IIE, Open 


Doors, 1990-91: Report on international Education Exchange (New York: 1991). 
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however, that postdoctoral appointments are increasing- 
ly filled by foreigners who obtained their doctoral 
degrees from U.S. universities. (See appendix table 2-30.) 
In 1991, a full half of the postdoctoral appointments in 
S&E were offered to non-U.s. citizens who obtained S&E 
doctoral degrees in U.S. universities, up from about 39 
percent in 1981. 


Major Sources of Financial Support 


The cost of higher education rose about four times 
faster than did family incomes between 1982 and 1992. 
Not surprisingly, students have turned to other sources 
of support to help pay for their undergraduate and grad- 
uate education. In the last 10 years, external sources of 
student aid“ for U.s. higher education have grown from 
$16 to $30 billion in constant dollars (Knapp 1992). 

External sources of support have changed somewhat 
over the decade. The largest source of support was and 
continues to be the Federal Government. The lion's 
share of federal support consists of loans: Specifically, 
$13.7 billion (in 1992) in the Guaranteed Student Loan 
Program and about $9 billion in grants and other pro- 
grams. (See appendix table 2-31.) In 1992, some 40 per- 
cent of the 14 million students enrolled in higher educa- 
tion at all levels relied on federal guaranteed loans to 
finance some pa‘* of their education. This proportion 
was up from 30 percent less than a decade ago (Knapp 
1992). 

Despite this increasing reliance on federal loans, howev- 
er, the overall share of federal financial aid declined over 
the decade. In 1982, the Federal Government accounted 
for 80 percent of all student aid. By 1992, it accounted for 
74 percent. Concurrently, academic institutions increased 
their share of total student financial support from 12 to 19.5 
percent. State grants to students accounted for 6 percent of 
financial aid throughout the decade. 

More detailed indicators of financial support for higher 
education are limited. This section presents data on sup- 
port reported by (1) freshmen in 4-year colleges and uni- 
versities and (2) S&E graduate students. Support sources 
and mechanisms are discussed, as are the support pat- 
terns for foreign students studying at U.S. institutions. 


Support for College Freshmen‘ 

The rising costs of higher education at 4-year colleges 
and universities have contributed to an increased stu- 
dent reliance on parents or other relatives for academic 
support. In 1992, about 63 percent of all freshmen, 


“Costs at private and public universities increased around 4 percent 
annually during this period, while median family income grew about 1 
percent annually (Knapp 1992). 

“External sources include federal, state, and academic institutions’ 
grant and loan programs. 

“Data in this section are from the Higher Education Research 
Institute, University of California at Los Angeles, Survey of the 
American Freshman: National Norms, unpublished tabulations. 
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regardless of intended major, reported receiving at least 
$1,500 or more from parents or other relatives to finance 
their education. This proportion was up considerably 
from 1982, when only 46 percent reported receiving at 
least $1,500 from this source.*’ 

Two other sources of support became increasingly sig- 
nificant during this time period. In 1982, 9 percent of 
freshmen reported receiving at least $1,500 from their 
academic institutions in grants or scholarships. This pro- 
portion had climbed dramatically by 1992, when almost a 
quarter (22 percent) of all freshmen cited this source of 
support. Students’ own savings accounted for at least 
$1,500 in support for 9 percent of the freshmen in 1982, 
and for 16 percent in 1992. 

The proportion citing reliance on federal loans re- 
mained steady over the period, on the other hand. In 
1992, as in 1982, about 18 percent of all freshmen report- 
ed receiving at least $1,500 from either federally guaran- 
teed student loans or direct federal loans. 


Support for S&E Graduate Students” 


In 1992, academic institutions continued to account for 
the majority of support for masters and doctoral students 
in S&E. The predominant mechanisms of support for 


“The lower limit of $1,500 was reported in current dollars. 

“Data on sources of graduate support are from the annual National 
Science Foundation fall survey of graduate S&E departments (SRS 
1993a). The survey asks all full-time graduate students to indicate their 
“primary” source of support. Many students fund their graduate educa- 
tion with several different sources of financial aid, some of which are 
not reported on the survey. Consequently, although the data in this 
section represent a majority of support sources, they do not represent 
ali sources. 


Figure 2-18. 
Number and status of foreign doctoral 
recipients: 1991 
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See appendix table 2-29. 
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these S&E students were research assistantships (RAs) 
and teaching assistantships. These overall trends mask 
differences by degree level, field, and citizenship. The 
following paragraphs discuss these differences. 


Support by Source. Since advanced education is a 
critical means of developing the human resources need- 
ed to perform the Nation’s S&E activities, the academic, 
industrial, and federal sectors have traditionally been 
key sources of support for graduate S&E students. These 
students are thus far less likely than undergraduates to 
finance the largest part of their education through family 
or personal resources. In 1991, half of the primary sup- 
port for graduate S&E students was provided by nonfed- 
eral sources (i.e., academic institutions* and private 
industry); 20 percent was from the Federal Government; 
and 30 percent consisted of self-support. Since 1983, the 
average annual increase in the number of students sup- 
ported by these sources has risen by 3, 4, and 1 percent, 
respectively. 

The number of S&E graduate students supported by 
nonfederal sources grew steadily in the eighties and has 
grown more sharply since, rising from 123,000 in 1983 to 
over 153,000 students in 1991. (See figure 2-19.) Most of 
this increase is due to a growth in the number of RAs pro- 
vided by universities. (See “Support by Mechanism,” 
below, and appendix tables 2-32 and 5-20.) Federal fel- 
lowships and other programs supported moderately 
increasing numbers of graduate students in S&E between 
1983 and 1990, helping almost 58,000 graduate students 
by 1990. In 1991, federal support—like nonfederal— 
increased steeply, reaching an additional 6,000 students. 
Several agencies accounted for this increase, including 
the National Science Foundation and the National 
Institutes of Health and other Health and Human Ser- 
vices agencies. 

Nonfederal sources provide the primary financial sup- 
port for graduate students in all S&E fields except the com- 
puter sciences and psychology: Students in these latter 
fields have a high level of self-support. In terms of federal 
support, graduate students in the physical and life sciences 
receive the highest percentages, while students in mathe- 
matics and the social sciences receive the lowest. The 
number of students supported in mathematics, however, 
increased the most over the 1983-91 period, rising 9 per- 
cent annually. The lowest annual increase (0.9 percent) in 
federal support was in the environmental sciences. And in 
the social sciences, the number of students receiving fed- 
eral support decreased annually by an average of 0.3 per- 
cent from an already low base. (See figure 2-20.) 


Support by Mechanism. Fueled by growing universi- 
ty research funding, teaching assistantships and—especial- 
ly—RaAs have, over the last 12 years, displaced fellowships and 
traineeships as the major graduate support mechanism. 


“Support from academic institutions includes university research 
funds from federal grants and contracts. 
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Figure 2-19. 
Major sources of support for science and engineering 
‘graduate students 
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(See figure 2-21.) By 1991, RAs and TAs were the most sig- 
nificant types of graduate student support: 27.5 percent of 
students’ primary support came from RAs and 21 percent 
from TAs. Fellowships and traineeships accounted for 9 and 
5 percent, respectively, of the primary support cited by grad- 
uate S&E students. (See appendix table 2-34.) 

Use of these support mechanisms varies by S&E field. 
Eighty percent of graduate students in the physical sci- 
ences are supported by either RAs or TAs. These two 
mechanisms also represent key support mechanisms in 
the environmental and life sciences. However, RAs are a 
more important mechanism than TAs in engineering and 
the earth and life sciences, and are slightly more impor- 
tant in the physical sciences. TAs are more than twice as 
important as RAs in mathematics and the computer sci- 
ences. Only about a third of the students in psychology 
or the social sciences are supported by TAs or RAs. 
Fellowships and traineeships are not the key mechanism 
of support in any field, although students in the social 
sciences are as likely to be supported by a fellowship as 
by a research assistantship. 


Support for Foreign Students. Not surprisingly, 
the majority of funding support for foreign students at all 
levels of higher education is from non-U.S. sources. 
Personal and family sources provide primary funding 


“Data on foreign student support at all levels are from IE (1991); 
doctoral support data are from the National Science Foundation’s 
Doctorate Records File. (See SRS 1993a.) 


Figure 2-20. 
Major sources of graduate student support, by field 


support for 64 percent of foreign students; an additional 
9 percent comes from their home governments, universi- 
ties, and foreign private sponsors. U.S. sources are the 
primary funding support of only 27 percent of foreign 
students. This support is provided by U.S. colleges and 
universities (19 percent) and the U.s. Government (2 per- 
cent); 6 percent of foreign students cite employment and 
U.S. private sponsors as their primary support source (IIE 
1991). 

In striking contrast, U.S. sources are the primary fund- 
ing support of 80 percent of all foreign doctoral S&E stu- 
dents. This is because U.S. universities subsidize the 
education of all SE doctoral students—regardless of citi- 
zenship—in “hard” sciences (i.e., the natural sciences 
and engineering). Foreign doctoral S&E students are 
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Figure 2-21. 
Major mechanisms of graduate support 
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concentrated almost exclusively in these fields. Over 
three-quarters of foreign S&E doctoral students receive 
their primary funding support in the form of either RAs 
(including some research funds to universities from fed- 
eral grants), TAs, or university fellowships. Three percent 
comes from federal fellowships or traineeships. About 20 
percent of foreign doctoral S&E students cite various 
forms of self-support—family, loans, earnings, and 
spouse's earnings—as their primary funding support. 

For U.S. citizens, about half of the primary support cited 
is from universities—again in the form of RAs, TAs, and 
university fellowships. About 13 percent of primary sup- 
port cited by doctoral S&E students is from federal fellow- 
ships and traineeships. The remaining third of primary 
support is self-support, either through their own or their 
spouse's earnings, or through loans or family assistance. 
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HIGHLIGHTS 
INDUSTRIAL EMPLOYMENT OF SCIENTISTS, ENGINEERS, THe Impact OF DEFENSE DOWNSIZING ON S&E 
AND TECHNICIANS EMPLOYMENT 


@ U.S. industrial firms employed 1.3 million engi- @ Reduced defense spending is adversely affecting 


neers and 667,000 scientists in 1992. Between 
1989 and 1992, total industrial science and engineering 
(S&E )employment increased at an average annual rate 
of 1.5 percent, considerably below the 3.6-percent rate 
registered during the preceding 9-year period. 


@ The total number of S&E jobs in the manufactur- 
ing sector fell for the first time in more than a 
decade. The number of jobs filled by ¢ .gineers 
declined from 804,000 in 1989 to 767,000 in 1992. 
Four of the five largest engineering specialties and all 
five manufacturing industries employing the largest 
numbers of engineers had reductions. 


@ In the late 1980s, the nonmanufacturing sector 
overtook the manufacturing sector as the lead- 
ing employer of scientists and engineers. More 
than 1 million scientists and engineers were 
employed in nonmanufacturing industries in 1992, a 
12-percent increase over the 1989 level. 


@ The total number of technician jobs in industry 
climbed steadily during the 1980s, reaching a 
total of 1.5 million in 1989. Between 1989 and 
1992, there was a cutback in technician jobs. Although 
there was a 3-percent gain in technician jobs in the 
nonmanufacturing sector, this increase was offset by 
an 11-percent decline in manufacturing industries. 


S&E LAsgor MARKET CONDITIONS 


@ The 1992 unemployment rate for engineers was 
3.8 percent; natural scientists, 2.3 percent; and 
mathematical and computer scientists, 2.6 per- 
cent. Although scientists and engineers are less like- 
ly to be unemployed than other types of workers (the 
overall unemployment rate was 6.7 percent in 1992), 
these unemployment rates are higher than those 
recorded a couple of years ago. In addition, the unem- 
ployment rate for engineers is now higher than it was 
during the “aerospace recession” of the early 1970s. 


@ Organizations that track entry-level hiring all 
report a reduction in employer recruiting of new 
college graduates in the 1990s. Although all recent 
college graduates have been affected by the decrease in 
recruiting activity, ScE graduates are faring better than 
those who majored in other disciplines and are contin- 
uing to command higher starting salaries than their 
counterparts in non-Sck fields. The rate of increase in 
their starting salaries, however, slackened after 1990. 


engineering employment. Recent government pro- 
jections show that more than two out of five engi- 
neering, defense-related, civilian jobs have been or 
will be lost between 1987 and 1997. Engineers who 
have spent their entire careers working in the 
defense industry and have become highly specialized 
may have difficulty finding civilian sector jobs. 


Defense downsizing has affected industry’s 
employment of R&D scientists and engineers. 
The total number of fulltime-equivalent R&D scien- 
tists and engineers working for industrial firms 
declined from 730,000 in 1990 to 684,900 in 1992. In 
the aircraft and missiles industry, the number of fed- 
erally supported research and development s<ien- 
tists and engineers declined 20 percent in the early 
1990s. 


ENGINEERING EMPLOYMENT 
@ Recent trends in U.s. engineering employment 


show a loss of 50,000 jobs betwee., 1987 and 
1992; the unemployment rate doubling; and slug- 
gish growth in salaries relative to those earned in 
other professions. The engineering workforce is cur- 
rently feeling the pinch of the recession, cutbacks in 
defense spending and research and development, and 
industry downsizing. If there is a substantial amount of 
defense conversion, however, the loss in defense jobs 
may be offset by the creation of new opportunities ii 
emerging industries. 


@ The engineering specialties most adversely 


affected by the slow economy and lower defense 
budgets are electrical and electronic, industrial, 
and aerospace. Other engineering specialties— 
environmental, civil, chemical, petroleum, systems, 
and software—appear relatively more immune to the 
recession and defense cutbacks. 


FORECASTING THE S&E Jon MARKET 


@ The most recent studies of the future scr job market 


(that take into account defense downsizing) vielded 
the following conclusions for 1990-2005. Employment 
in technical occupations will grow at a faster pace 
than overall employment. Employment in technolo- 
gy-intensive industries will grow at about the same 
rate as employment in general: and surpluses are 
more likely to be observed in the sr job market than 
shortages, but the latter (especially in specific fields) 
cannot be ruled out. 
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DOCTORAL SCIENTISTS IN THE WORKFORCE 


@ In 1991, approximately 367,000 doctoral scien- 
tists and 70,000 doctoral engineers were 
employed in the United States. Doctoral scientists 
had an extremely low unemployment rate—1.5 per- 
cent in 1991. Recently, however, their professional 
associations have been documenting employment dif- 
ficulties faced by new doctoral recipients, focusing on 
the lack of permanent fulHtime job openings in 
academia. 


WOMEN AND MINORITIES IN THE S&E WorKFORCE 


@ Women, blacks, and Hispanics ar. <«anderrepre- 
sented in the engineering workforce and some 
of the physical sciences, ¢.g., physics and geol- 
ogy. Some progress has been made, however, 
over the past decade. Between 1983 and 1992, the 
percentage of women in the engineering workforce 
increased from 5.9 percent to 8.7 percent, the per- 


Introduction 


Chapter Background 


The United States produces, nurtures, and maintains 
the largest science and engineering (cE) workforce in 
the industrialized world. According to the most recent 
government projections, employment in technical occu- 
pations will grow at a faster pace than overall employ- 
ment during the rest of this century and past the year 
2000. But in the early 1990s, the recession, defense-relat- 
ed spending cutbacks, reduced research and develop- 
ment (R&D) budgets, and industry downsizing all took 
their toll on set employment. Manufacturing si 
employment declined for the first time in more than a 
decade; unemployment rates rose; recruiting of recent 
college graduates declined: entry-level salaries stagnat- 
ed; and overall salary growth did not keep pace with that 
of other professional occupations. Despite these trends, 
scientists and engineers have fared better than almost 
every other kind of worker. The tight labor market has 
not precluded some st trained individuals trom finding 
meaningtul, challenging work opportunities outside tra- 
ditional sot occupations. 

The contribution of scientists and engineers to a 
healthy and competitive economy is vastly dispropor 
tionate to their (less than 4 percent) representation in 
the total labor force, because they are responsible for 
the advancements in science and technology that lead to 
new/improved products and processes that in turn lead 
to economic expansion and the universally sought-after 


centage of blacks increased from 2.6 percent to 4.0 
percent, and the percentage of Hispanics increased 
from 2.2 percent to 3.1 percent. 


@ Women comprised 18.8 percent of the doctoral 
S&E workforce in 1991. While women are well 
represented in psychology and fairly well represent- 
ed in the social and life sciences, they accounted for 
only 3.4 percent of all doctoral engineers in 1991. 


IMMIGRANTS IN THE S&E WORKFORCE 


@ The flow of s&t immigrants to the United States 
reached an all-time high of nearly 23,000 in 
1992. Most of these immigrants were born in the 
Far East, primarily in India, China, and Taiwan. In 
addition, unprecedented numbers of scientists and 
engineers from the former Soviet Union entered the 
United States in 1991 and 1992, accounting for almost 
2.400 visas in those 2 years. 


higher standard of living. In zddition, their value to soci- 
ety has been accelerating when measured against a 
backdrop of a worldwide economy in which the pace of 
technological change is moving rapidly; competition in 
the international marketplace is intensifying: and the 
quest for solutions to health, environmental, and a host 
of other worsening societal problems is becoming 
increasingly urgent. 


Chapter Organization 


This chapter begins with a discussion of scr employ- 
ment by sector. Employment of scientists, engineers, 
and technicians in the industrial sector is examined, fol- 
lowed by a discussion of scientists and engineers 
emploved by the Federal Governmeat. (This chapter 
does not contain a specific section devoted to scientists 
and engineers employed by colleges and universities, 
because they are covered in chapter 5.) Other topics 
examined are scientists and engineers engaged in 
research and development in the United States and R&D 
employment by U.s. companies in other countries. 

This chapter also covers the scr labor market, includ- 
ing the impact of defense downsizing on technical 
employment and recent efforts to forecast the supply and 
demand tor technical workers. Separate sections are 
devoted to employment trends among doctoral scientists 
and engineers and special pepulations in the sce work- 
loree, including women, minorities, and immigrants. 
Finally, comparative data on international sc employ- 
ment are provided. 


S&E Employment by Sector 


industrial S&E Employment 

Most scientists and engineers work in industry. In 1992, 
neers outnumbering scientists two to one (BLS annual 
series). (See appendix table 3-1.)' 

The rate of growth in industrial S&F employment slowed 
considerably in the early 1990s. Between 1989 and 1992, 
total industrial ScE employment increased at an average 
annual rate of 1.5 percent, far below the 3.6 percent rate 
registered between 1980 and 1989. Despite the slowdown, 
the rate of growth in industrial ScE employment outpaced 
that for total industrial employment, continuing a trend 
that began before 1980. Between 1980 and 1992, the s&E 
share of total industrial employment gradually increased, 
rising from 2.1 percent in 1980 to 2.5 percent in 1992. 

The major contributing factor to the increase in indus- 
trial ste employment between 1980 and 1992 was a 
doubling in the number of jobs filled by computer spe- 
cialists. This group now accounts for more than half of all 
scientists employed by industry. Their proportion of total 
industrial S&E employment increased from 13 percent in 
1980 to 18 percent in 1992. 


industrial S&E Employment in Manufacturing 


Manufacturing Employment of Engineers. The 
total number of engineering jobs in the manufacturing 
sector fell for the first time in more than a decade. In 
1992, there were 767,000 engineering jobs in manufactur- 
ing, down nearly 5 percent from the level recorded 3 
years earlier. This cutback in engineering employment 
ended an extended period of engineering job creation. 
Between 1977 and 1989, the total number of engineering 
jobs in manufacturing increased nearly 60 percent. 

In general, the decline in engineering employment in 
manufacturing in the early 1990s was across the board. 
Four of the five largest engineering specialties, and the 
five manufacturing industries employing the largest num- 
bers of engineers, had reductions. (See figures 3-1 and 3- 
2 and “Engineering Employment in the ‘90s.”) 

Among the five largest engineering specialties, the 
largest percentage cutback was in @eronautical/astrona« - 
tical engineering. \n this specialty, the total number of 
jobs fell 26 percent between 1989 and 1992. The entire 
loss appears to have occurred in the transportation equip- 
ment industry, which is the largest employer of aeronau- 
tical/astronautical engineers. Many of these engineers 
were working for aircraft and missiles companies and 
were assigned to defense-related projects that are being 
curtailed or eliminated. (See “The Impact of Defense 
Downsizing on Technical Employment.”) 

Job losses in industrial engineering numbered 13,000 
between 1989 and 1992, the largest absolute decline of 


"The data in this section were collected by the Bureau of Labor Statistics 


in its Occupational Employment Survey. 
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See appendx table 3-1. Saence & Engineenng incacators - 1993 


any engineering specialty. The transportation equip 
ment industry, the largest employer of industrial engi- 
neers in the late 1980s and early 1990s, accounted for 70 
percent of the decrease in industrial engineering jobs in 
manufacturing. 
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by the slow economy and lower defense budgets are 
losses among these categories amounted to an esti- 
mated 41,000, 25,000, and 23,000, respectively, between 
1987 and 1992. (See appendix table 3-7.) Of these three, 
aerospace registered the highest percentage loss of 
jobs, 22 percent, during the late 1980s and early 1990s. 
Not surprisingly. there has been a drastic decline in job 


control They are also serving as consultants, advising 
companies on how to minimize the cost of compliance 

@ Civil engimeers: The need for increased invest- 
ment in public works and the repair/rebuilding of 
the aging infrastructure, e.g. subway systems, 
bridges, and buildings, in many U.S. cities appears 
to have boosted demand for civil engineers. 


@ Chemical and petroleum engineers: Demand 
for these engineers has led that for all other engi- 
scarcity of graduates in these two specialties is 
ratected in their starting salaries which are high- 
er than those received by any other recent gradu- 
ates (and which also showed the largest percent- 
age ,ains between 1988 and 1995). : Ye petroleum 
refining industry, one of the leading employers of 
these two types of engineers, has been less affect- 
ed by the recession than most other industries. 


@ Systems and software engineers: Their services 
are in great demand, not only in software companies, 


Engineering Employment in the '90s 


but also in hardware firms where emv/asis on 
stateoHhe-art technology its increasiagly shifting 
from hardware to software (Engineering Man- 
power Commission 1992b). In addition, because of 
the application of computer technology across all 
sectors of the economy, demand for software eng? 
neers shows no sign of slowing. 


@ Demand for engineers has infiltrated almost every 
industry, from manufacturing to the service sector. 
Their computer, quantitative, and problem-solving 
skills provide entree to various industries, including 
consulting and other types of service sector firms.** 

@ The increasing use of computer-aided design and 
computer-aided manufacturing (CAD/CAM) sys- 
tems and other automation tools has brought 
about major improvements in productivity across 
all sectors of the economy. These technological 
advances have also resultd in improved produc- 
tivity in the engineering profession itself, because 
the amount of (engineering) labor needed to per- 
form certain tasks has been falling. For example, 
no one doubts that rebuilding the aging infrastruc- 
throughout the 1990s. But this demand could be 
partially offset by increased use of CAD/CAM sys 
tems (Engineering Manpower Commission 1991a). 
In addition, the increasing use of automation 
allows technicians and other paraprofessionals to 
be more easily substituted for engineers. 


“For example. recent CalTech engineering graduates did not 
recetve a single job offer trom aiy of the magor aerospace Companies 
m Southern C ahtorma (Engineenng Manpower Commrssson 1992b). 

** At least one quarter of the 1.600) new graduates hired in 1992 by 
Anderson Consulting. the information <yster-< comsultng arm of the 
Arthur Anderson accounting firm. majored in engineering See 
Engineenng Manpower Commrssson (1% 2b) 


Ten thousand electrical electronics engineering jobs 
were lost between 1989 and 1992. The largest cutbacks 
were—again—in the transportation equipment industry. 
and also in the electrical equipment industry. These 
losses amounted to 6,000 and 5,000 jobs. respective.y. 
There was, however, a small increase in electrical/elec- 
tronics engineers in the machinery industry. 

There were fewer mechanical engineering jobs in 1992 
than 3 years earlier. Reductions amounting to 3,000 jobs 
in the machinery industry and 2.000 in the electrical 
equipment industry were only partially offset by increas- 
es in the transportation equipment and instruments 
industries. 


Of the five largest engineering specialties, only chemi- 
cal engineering showed a gain for the 1989-92 period. 
Employment in this field had been declining durin the 
mid- and late 1980s. but a turnaround in the early 1990s 
increased the total number of jobs in this field by 9 per- 
cent between 1989 and 1992. 


Manufacturing Employment of Scientists. | nlike 
engineering, the total number of scientists’ jobs in manvu- 
facturing increased during the carly 1990s, but at a much 
slower pace than that registered during the mid- and late 
1980s. There were approximately 9.000 more scientists 
working for manufacturing firms in 1992 than in 1989. 


During that 3-year period, the number of biological scien- 
tists increased by 6,000, or 46 percent. Most of this 
increase occurred in the chemicals and allied products 
industry which includes drug manufacturers. This large 
increase, and a modest increase in the number of com- 
puter specialists, however, were offset by small declines 
in other scientific specialties, including chemistry and the 
mathematical sciences. 


Manufacturing Employment of Technicians. Over- 
all, there was a more than 10-percent decline in the total 
number of technician jobs in manufacturing between 
1989 and 1992. The four largest groups within this cate- 
gory—electrical/electronics engineering technicians, 
drafters, computer programmers, and chemical techni- 
cians—all had reductions. The largest declines were in 
electrical/electronics engineering and computer pro- 
gramming, with job losses amounting to 23,000 and 
21,000, respectively, between 1989 and 1992. As with 
engineers, the loss in technician jobs was widespread 
across industries. For example, the four manufacturing 
industries employing the largest numbers of technicians 
all had reductions between 1989 and 1992. The losses 
ranged from a reduction of 21,000 positions in the 
machinery ‘ndustry to a loss of 5,000 positions in the 
instruments industry. (See figure 3-3.) 


Industrial S&E Employment in Nonmanufacturing 


In the late 1980s, the nonmanufacturing sector overtook 
the manufacturing sector in terms of total S&E employ- 
ment. This changeover is largely attributable to growth in 
the number of jobs for computer specialists. In 1980, com- 
puter specialists accounted for one out of every five scien- 
tists and engineers employed in the nonmanufacturing 
sector; in 1992, they accounted for nearly one out of four. 


Figure 3-3. 
Number of technician jobs in selected 
manufacturing industries 
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Nonmanufacturing Employment of Engineers. 
There were nearly 600,000 engineering jobs in the non- 
manufacturing sector in 1992. In contrast to the decline in 
engineering employment in the manufacturing sector in 
the early 1990s, the number of jobs in the nonmanufac- 
turing sector increased 8 percent between 1989 and 1992. 
Most of the gain occurred in the engineering and com- 
puter services industries. 


Nonmanufacturing Employment of Scientists. In 
1992, the nonmanufacturing sector employed approxi- 
mately 460,000 scientists, a 16-percent increase over the 
level recorded for 1989. More than half these jobs were 
filled by computer specialists; the total number of these 
scientists increased 10 percent between 1989 and 1992. 
The number of jobs in the other scientific specialties, 
although far fewer in number than those for computer 
specialists, had higher rates of growth during the 1989-92 
period, ranging from nearly 40 percent for social scien: 
tists to 16 percent for mathematical scientists. 


Nonmanufacturing Employment of Technicians. 
The total number of technicians employed by the non- 
manufacturing sector increased from 920,000 in 1989 to 
950,000 in 1992. Most of this increase occurred in the 
computer services industry which gained 18,000 techni- 
cian jobs during this period. 


Federal S&E Employment 


The Federal Government employed approximately 
170,000 scientists and 115,000 engineers in 1991, making 
it the single largest employer of scientists and engineers 
in the United States (opm 1985, 1991).° (See appendix 
table 3-2.) Over one-fourth of the scientists and engineers 
employed by the government are engaged in research 
and development; this segment of the federal s&E work- 
force is concentrated in laboratories run by the 
Departments of Defense (pop), Agriculture, Health and 
Human Services; and the National Aeronautics and Space 
Administration (NASA). The oti:er three-fourths of the fed- 
eral SE workforce are responsible for managing natural 
resources; data collection and statistical analysis; devel- 
opment, implementation, and enforcement of government 
regulations; construction of public works projects; testing 
and evaluation; and administration of S&E activities (NRC 
1993, p. 17). 

The Department of Defense is tne government's largest 
employer of both scientists and engineers, accounting for 
one out of every three federally employed scientists and 
two out of every three engineers. (See figure 3-4.) In gen- 
eral, the impact of defense downsizing on s&E employment 


“These data were collected by the Office of Personnel Management. 


The numbers do not include scientists and engineers working at federal- 


ly funded research and development centers, or those working at organi- 
zations (e.g., colleges and universities, national laboratories, or industrial 
firms) that receive federal grants and contracts. For additional informa- 
tion on how these data were collected, see sks (1989). 
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(see “The Impact of Defense Downsizing on Technical 
Employment”) is not yet reflected in government employ- 
ment statistics (just as it is not yet reflected in federal R&D 
expenditure data—see chapter 4). Between 1985 and 
1991, Dob’s employment of scientists and engineers 
increased 8 and 11 percent, respectively. During this period, 
however, there were cutbacks in several S&E fields. 
including mathematics and statistics and civil, industrial, 
and chemical engineering. 


Employment of Scientists. Between 1985 and 1991, 
the number of scientists employed by the Federal 
Government increased about 16 percent. Most of this 
growth was fueled by a 32-percent increase in the employ- 
ment of computer scientists. By 1991, this group outnum- 
bered all other S&E occupational groups, accounting for 
53,000 federally employed scientists. Half these computer 
scientists were employed by pop. ‘The Treasury Depart- 
ment had the second highest number (5,300). Employ- 
ment of computer scientists by this agency increased 83 
percent between 1985 and 1991. 

Life scientists are the second most prevalent S&E group 
within the federal workforce. Three out of five of the more 
than 37,000 scientists classified in this occupational group 
in 1991 were employed by the Agriculture Department. 
The Interior Department had the second highest number 
(5,700), followed by Health and Human Services (3,300). 
The latter had a 46-percent gain over the number report- 
ed in 1985. There was an across-the-board increase in 
Health and Human Services programs during the late 
1980s; a substantial part of the growth in employment of 
life scientists is probably attributable to increased funding 
for the National Institutes of Health’s health research on 
AIDS and other diseases. (See chapter 4.) 


Employment of Engineers. Total federal employ- 
ment of engineers increased 12 percent between 1985 
and 1991. The most prevalent engineering specialty with- 
in the federal workforce—accounting for over 30 percent 
of the total number of engineers—is the electrical and 
electronics subfield. NASA, which employed 12,000 engi- 
neers in 1991, ranks a distant second to bop in engineer- 
ing employment. NASA, however, increased its hiring of 
engineers 30 percent between 1985 and 1991. 


R&D Employment 


R&D Employment in the United States 


In 1989, an estimated 950,000 scientists and engineers 
were employed on a full-time-equivalent (FTE) basis in 
R&D in the United States. Approximately three-fourths of 
these R&D professionals were employed by industrial 
firms, roughly 18 percent by academic institutions, and 6 
percent by federal agencies (Sks 1992b, pp. 29 and 63). 
(See appendix table 3-3.) 

The rate of increase in R&D spending in the United 
States slowed after 1985 (see chapter 4, “National r&b 
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Figure 3-4. 
Federally employed scientists and engineers, 
by agency: 1991 
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The Impact of Defense Downsizing on Technical Employment 


The end of the Cold War has meant a dramatic cur- 
tailment in overail defense spending (see chapter 4 for 
a discussion of defense R&D funding) that has adverse- 
ly affected ScE employment. Defense cutbacks began in 
1988 and are likely to escalate during the next few 
years. Therefore, the full impact of the “peace dividend” 
on S&E employment is unknown. Bureau of Labor 
Statistics (BLS) estimates made in early 1993 show the 
United States losing more than 700,000 defense-related 
civilian jobs between 1987 and 1992, and an additional 
1.3 million jobs between 1992 and 1997—a 40-percent 
reduction over the 10-year period (Saunders 1993, p. 3). 
(See figure 3-5 and appendix table 3-10.) 

Although scientists and engineers comprise only 3 
to 4 percent of the total u.s. labor force, they account 
for a higher proportion—8 to 9 percent—of all defense- 
related civilian employment. (Technicians account for 


Figure 3-5. 
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an additional 6 percent of defense-related civilian 
employment.) In 1987, approximately 16 percent of the 
engineers and 11 percent of the (natural, computer, 
and math) scientists working in the United States were 
involved in defense work. Those percentages dropped 
to 13 and 8 percent, respectively, in 1992. 

Engineers are heavily represented in industries that 
produce military-related hardware and software. In the 
aerospace industry, they accounted for one-fifth of all 
jobs, and in the electronic components and communi- 
cation equipment segments of the electrical equipment 
industry, they held 12 percent of all jobs in 1992. So 
engineers working in these industries are more likely 
to have their job security threatened than those work- 
ing in other industries (Engineering Manpower 
Commission 1991a). The percentage of the total engi- 
neering workforce involved in defense-related work, 
however, is much lower today than it was 25 years ago. 
The number of engineers employed by the 
Department of Defense and prime and subcontractors 
in 1990 was only slightly higher than the number 
employed in 1967 (at the height of the Vietnam 
buildup). In contrast, during the same period (1967- 
90), the total number of engineers increased about 50 
percent (R. Rivers, cited in Bell 1990, p. 39). 

Engineering is one of the fields most affected by the 
defense drawdown. According to BLS projections, 
120,000—or more than two out of five engineering 
defense-related jobs—have been or will be lost between 
1987 and 1997. Most of the losses have occurred or will 
occur in the electrical/electronics, aeronautical/astro- 
nautical, mechanical, and industrial engineering special- 
ties. Another hard-hit group will be those employed in 
computer, mathematical, and operations research spe- 
cialties, where the total number of jobs is expected to 
decline from 69,800 in 1987 to 54,500 in 1997. Physical 
scientists have experienced or will experience fewer job 
losses—a total of 6,700 during the 10-year period—but 
this number represents one-fourth the total number of 
defense-related jobs that existed in 1987. Technician 
employment is expected to decline by one-third over the 
10-year period. (See figure 3-8.) 

R&D employment is also being adversely affected by 
defense budget cutbacks. The number of federally sup- 
ported FTE R&D scientists and engineers working for 
firms classified in the aircraft and missiles industry (the 
largest employer of federally funded R&D personnel) 
declined 20 percent between 1989 and 1991. Employ- 
ment of these R&D professionals declined 6 percent in the 
electrical equipment industry (the second largest 
employer) and 47 percent in the machinery industry dur- 
ing the same 2-year period (srs forthcoming [b]). 

For perspective, it is important to emphasize that 
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given the size of the U.s. economy, defense downsizing 
is “unlikely to cause a short-run macroeconomic catas- 
trophe” (Brauer and Marlin 1992, p. 148). Fewer than 1 
percent of all U.s. workers will be affected over the next 
5 years (Kosiak and Bitzinger, 1993). Only a few pock- 
ets of the economy, i.e., only a few industries, occupa- 
tions, and communities, are likely to suffer measurable 
injury. For example: 


@ Some companies currently producing military hard- 
ware will be unwilling or unable to convert to prod- 
ucts for the civilian market. Some companies have 
already chosen to downsize rather than venture into 
new markets. (See Washington Post 1992.) 


@ Some engineers who have spent their entire 
careers in the defense industry—those who have 
become highly specialized—may have difficulty 
finding civilian sector jobs. (Defense workers also 
tend to be older; this, despite their job experience, 
makes them less desirable for retraining and 
employment by civilian firms. See OTA 1992). 
Finding another job is also likely to mean reloca- 
tion, a condition some unemployed engineers 
have been unwilling to accept (Engineering 
Manpower Commission 1991a). 


@ Some regions of the country—those most heavily 
dependent on the defense industry—will experi- 
ence at least a short-term expansion of their unem- 
ployment rolls. The states most adversely affected 
are Washington, California, Arizona, Texas, 
Missouri, and almost all New England states; the 
DC-Maryland-Virginia area and Long Island, New 
York, are also likely to suffer the consequences of 
reduced military budgets. For some regions, such 
as the Los Angeles area, the defense cutbacks will 
continue to exacerbate an already severe unem- 
ployment problem; while others with more diver- 
sified economies are unlikely to experience as 
much hardship (Brauer and Marlin 1992). 

The expected unemployment of scientists, engi- 
neers, and technicians brought about by the end of 
Cold War hostilities is likely to be mitigated by defense 
conversion—i.e., federal support shifted from military 
to civilian technology advancement may mean that the 
loss in defense jobs will be offset by the creation of new 
opportunities in emerging industries—and by 
increased demand for highly skilled workers to main- 
tain international competitiveness (Atkinson 1990). 
(See chapter 4 for a discussion of various defense con- 
version projects and programs.) 


Spending Patterns.) The average annual rate of increase 
in inflation-adjusted national R&D expenditures was 1.9 
percent between 1985 and 1989, compared to 6.6 percent 
between 1980 and 1985. There was a corresponding slow- 
down in the rate of increase in R&D S&E employment dur- 
ing this period, with the ave-age annual rate dropping 
from 5.3 percent during the fist half of the decade to 3.1 
percent between 1985 and 198). 

Although R&D scientists anc engineers comprise less 
than 1 percent of the U.s. labor force, the rate of growth in 
the number of these professionals has been exceeding 
that for the entire U.s. labor force. As a result, the R&D S&E 
proportion of the U.s. labor force has been increasing 
steadily since the mid-1970s—from 55 R&D scientists and 
engineers per 10,000 labor force population in 1976 to 76 
in 1989. (See figure 3-17.) 

Industry’s employment of R&D scientists and engineers 
declined in the early 1990s—from 730,000 in January 
1990 to 684,000 in January 1992 (srs forthcoming [b]). 
Defense downsizing appears to be causing a reduction in 
the number of industrial scientists and engineers 
assigned to government R&D contracts. (See “The Impact 
of Defense Downsizing on Technical Employment.”) 

Nearly half the doctoral scientists and engineers 
employed by industrial firms, and over a third of those 
employed by academic institutions, were primarily 
engaged in the conduct of research and development in 
1991. (See appendix table 3-4.) In industry, most R&D sci- 
entists with doctoral degrees work in applied research; 


most R&D engineers are assigned to development 
activities. In academia, most doctorate-holding scientists 
primarily engaged in R&D are working on basic research 
projects; most engineers are involved in applied research. 
(See figure 3-6.) 


R&D Employment by U.S. Companies in 
Other Countries 


Industrial R&D is becoming increasingly globalized. 
U.S. companies’ expenditures on R&D performed outside 
the United States rose dramatically during the 1980s 
(see chapter 4). A myriad of factors is responsible for 
the upsurge in R&D spending abroad. Companies are 
compelled to conduct more R&D outside the United 
States to compete in rapidly expanding worldwide mar- 
kets. To obtain or expand overseas sales, it has become 
increasingly necessary to tailor products to meet spe- 
cific needs and requirements of foreign customers. In 
addition, U.s. companies have been acquiring laborato- 
ries in other countries at a record pace—especially in 
Japan, but also in Europe, other Asian countries, and 
Canada. Foreign workers’ competence, technical skills, 
and affordability are some of the factors influencing 
the decisions to build and/or acquire existing foreign 
laboratories. 

In 1989 (the most recent year for which data are avail- 
able), total R&D employment (including scientists, engi- 
neers, managers, and other professional and technical 


igure 3-6. 
Doctoral scientists and engineers primarily 
engaged in R&D: 1991 
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employees) by U.S. companies in other countries: reached 
95,000—7.6 percent higher than the level reported in 
1982.° (See appendix table 3-5.) Most of these R&D employ- 
ees—71 percent in 1989—are located in Europe. 
Germany and the United Kingdom had the highest num- 
bers of U.S. R&D employees—24,000 and 20,000, respec- 
tively. (See figure 3-7.) 

In 1982, 4.3 percent of employees working for U.s. affili- 
ates in Germany were engaged in R&D, the highest propor- 
tion of any country; Japan ranked second at 3.8 percent. But 
U.S. companies’ R&D employment in Japan increased more 
than 150 percent between 1982 and 1989, the highest rate of 
growth reported for any country. Thus, by 1989, the pro- 
portion of U.S. Japanese affiliates’ total employment engaged 
in R&D had risen to 5.9 percent, the highest of any country.' 
The United Kingdom had a reduction (13 percent) in R&D 
employment by U.s. affiliates between 1982 and 1989. 


‘Data in this section were collected by the Bureau of Economic 
Analysis in iis 1982 and 1989 Benchmark Surveys of U.s. Direct 
Investment Abroad. Data on R&D employment are collected only in 
“benchmark” survey years; 1982 and 1989 are the two most recent years 
for which data are available. For more detailed information about the 
methodologies and definitions used in conducting these surveys, see 
BEA (1985 and 1992). 

‘According to one study, the primary reason U.s. companies have been 
establishing laboratories in Japan is to develop products specifically for 
the Japanese market (srs 1991). 
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The leading industry in terms of R&D employment 
abroad in 1989 was transportation equipment (20,400 
employees); it was followed by the chemicals and allied 
products industry with 18,700 R&D employees. (See figure 
3-6 and appendix table 3-6.) The office and computing 
machines segment of the machinery industry had the 
largest absolute increase—5,300 employees—in R&D 
employment in the mid- and late 1980s (84 percent higher 
than the R&D employment level reported in 1982). In the 
nonmanufacturing sector, R&D employment in the finance 
and services industry nearly doubled between 1982 and 
1989, rising from 3,600 to almost 7,000 employees. 

Several industries had reductions between 1982 and 
1989 in R&D employment abroad by Uv-.s. affiliates. The 
largest decline—5,700 employees—occurred in the elec- 
trical equipment industry. 

In most industries, R&D employment grew at a faster 
pace than overall employment by U.s. affiliates. All seg- 
ments of the chemicals industry and the office and com- 
puting machines segment of the machinery industry had 
the largest increases in this measure of R&D intensity. 


S&E Labor Market Conditions 


A few years ago, reports of impending S&E personnel 
shortages were common.° More recently, however, the 
focus has been on possible surpluses, because the reces- 
sion, downsizing of the defense industry (see “The Impact 
of Defense Downsizing on Technical Employment”), and 
(to a lesser extent) immigrant scientists and engineers 
from the former Soviet Union and Eastern Bloc countries 
are all currently disrupting the U.s. S&E labor market. 

Predictions of shortages or surpluses of S&E personnel 
should be treated with caution. At any point in time, for 
any field, there may be shortages or surpluses. But in a 
free market economy, these shortages or surpluses are 
eventually eliminated. U.s. labor markets are flexible— 
changes in supply and demand trigger fairly quick 
responses in terms of both degree production and mobil- 
ity within the labor force. Moreover, employers can be 
expected to deploy a number of strategies to avert a 
prospective labor shortage.” 


*For example, Atkinson (1990) noted that “all the models that are 
used to project supply and demand for scientists and engineers, 
although differing on quantitative details, come to the same fundamen- 
tal conclusion: that unless corrective actions are taken immediately, all 
sectors of society will begin to experience shortages of scientists and 
engineers in the next 4 to 6 years, with shortages becoming significant 
during the early years of the next century.” And, in 1989, 67 percent of 
the member companies responding to an Aerospace Industries 
Association survey reported current shortages of scientists and engi- 
neers; &5 percent anticipated shortages in the future (Aerospace 
Industries Association 1989). 

"For example, they can lower hiring standards by eliminating 
advanced degree requirements, employing individuals trained in relat- 
ed fields, or assigning more responsibilities to technicians. In industry 
in particular, transferring individuals from one specialty to another, 
revising degree requirements for particular positions, and retaining are 
routine. Employers can also increase their hiring of immigrants, or they 
can move their operations offshore to countries that have a plentiful sup- 
ply of workers with the skills they need. 
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S&E labor markets are more flexible in some ways than 
those for other occupations. Scientists and engineers are 
generally highly trained and well-educated in analytically 
based fields. This background can serve them well in a wide 
array of non-S&E occupations. An increasing number of sci- 
entists and engineers in fact have been pursuing careers in 
business, law, and other professions—occupations that 
have a growing need for their expertise (Holden 1991). 

S&E labor markets are also less flexible in some ways 
than those for other occupations due in part to the long 
educational pipeline. When the demand for S&E personnel 
exceeds the supply, employers usually increase salary 
levels in an effort to attract the workers they need. Rising 
salaries tend to induce more students to study in fields 
with shortages, thus eventually increasing supply. But 
because of the time it takes to complete a formal educa- 
tion, the demand/supply imbalance may persist for sev- 
eral years, stretching out even longer if the unmet need is 
for doctoral scientists and engineers. 


S&E Unemployment and Underemployment 


Although scientists and engineers are less likely to be 
unemployed than other types of workers (the overall 
1993 third quarter unemployment rate was 5.9 percent), 
S&E unemployment rates have been increasing for the 
past couple of years,/—especially among engineers (see 


‘In the most recent American Chemical Society survey, 1.9 percent of 
the respondents reported that they were without jobs but seeking 
employment, the highest unemployment rate registered by this survey 
since 1983, when a 2.2-percent unemployment rate was recorded. See 
Brennan, Rawls, and Zurer (1992). 


Figure 3-7. 


R&D employment by foreign affiliates of U.S. companies 
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“Engineers: Shifting Employment Opportunities and 
Trends”)—and are higher than those for other profes- 
sional specialty occupations, including physicians, 
lawyers, and teachers. (See appendix table 3-11.) The 
1993 (third quarter) unemployment rate for all engi- 
neers stood at 3.8 percent; for all natural scientists, it 
was 3.0 percent; and for all mathematical and computer 
scientists, it was 2.2 percent. (See figure 3-9.) 

In addition to unemployed scientists and engineers, 
there are also underemployed S&¥ professionals. Although 
data on S&E underemployment are scarce, the most 
recent data on doctoral underemployment suggest that 
few Ph.D. scientists and engineers—fewer than 2 per- 
cent—are underemployed (srs forthcoming [a]).* 


New S&E Entrants 


The most recent information on entry-level hiring 
indicates that the demand for college graduates fell 
sharply during the 1990s.° Organizations that track 
entry-level hiring of college graduates all report a 
reduction in recruiting by employers and in the num- 
ber of job offers made to new bachelors degree 


*The definition of underemployment used here refers to doctorate- 
holding scientists and engineers who are either (1) holding part-time 
positions when they would have preferred working full time, or (2) 
working in non-S&E occupations when they would have preferred s&E 
jobs. 

“BLS analyses and forecasts predict that the number of college gradu- 
ates working in jobs traditionally not requiring a 4-year college degree 
will increase during the 1990s and into the next decade. See Shelley 
(1992) and Hecker (1992). 


Thousands of employees Thousands of R&D employees 
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Engineers: Shifting Employment Opportunities and Trends 


An estimated 1.6 million people were employed as 
engineers in the United States in 1992. The engineer- 
ing workforce contracted during the late 1980s and 
early 1990s, losing nearly 50,000 members between 
1987 and 1992. (See figure 3-8.) At the same time, the 
unemployment rate for engineers doubled, increasing 
from the traditional level of around 2 percent to 3.8 
percent in the third quarter of 1993. (See appendix 
table 3-11.) The unemployment rate for engineers is 
now higher than it was during the “aerospace reces- 
sion” of the early 1970s and is also higher than the 2.8- 
percent unemployment rate for all professional 
specialty occupations combined. In addition, recent 


Figure 3-8. 
Number of employed wage and salary workers who 
usually work full time 
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engineering graduates are having more difficulty than 
their 1980s predecessors in landing their first jobs.* 
But despite the weaker employment conditions faced 
by new engineering graduates, hardly any are forced 
to join the ranks of the unemployed, and compared to 
graduates who majored in other disciplines, they are 
better off in terms of the number of employment 
offers and in the salaries they receive. 

All of these observations—the shrinking workforce, 
the rising unemployment rate, and the falloff in 
employer recruiting—indicate that the engineering 
profession is currently feeling the pinch of the reces- 
sion, cutbacks in defense spending, and industry 
downsizing. These numbers, plus the sluggish growth 
in salaries relative to other professional occupations, 
could discourage students from seeking engineering 
careers.** Engineering training, however, can be a 
useful entree into nonengineering jobs. In addition to 
engineers’ key role in innovation and the design, pro- 
duction, and marketing of new/improved goods and 
services, engineering training has been found to be a 
good prerequisite for management, law, and even 
medicine. It is much easier to teach marketing and 
management skills to an engineer than it is to teach 
engineering to business graduates (Engineering 
Manpower Commission 1991b). The United States is 
following a pattern established in Japan. That is, indi- 
viduals with engineering backgrounds are entering 
management and finance in greater nuinbers than in 
the past (Engineering Manpower Commission 1990). 


*Even the top engineering schools reported significant reductions 
in the number of job offers received by their students. For example, 
Stanford University graduates were used to receiving five to seven 
job offers each; that number is now down to one or two (Wall Street 
Journal 1993). Also, many university placement directors are report- 
ing that more engineering bachelors degree graduates were plan- 
ning to attend graduate school. But many of these recent graduates 
were not continuing their education in engineering. For example, at 
the Massachusetts Institute of Technology, the number of engineer- 
ing graduates applying to medical school rose nearly 40 percent 
between 1991 and 1992. See Engineering Manpower Commission 
(1992b). 

**A small decline in students seeking engineering careers did 
occur during the 1970-72 “aerospace recession.” See Engineering 
Manpower Commission (1991c). 
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recipients.!° Although all recent college graduates have 
been affected by the decrease in recruiting activity, S&E 
graduates are faring better than those who majored in 
other disciplines (College Placement Council 1991). 


in-Field Employment 


The percentage of scientists and engineers who remain 
in S&E occupations (as opposed to the number who leave 
science and engineering to pursue careers in other 
fields). yields important information about the career 
paths of individuals trained in S&E fields and the supply 
and demand for their services. Data on S&E employment 
of recent college graduates show the proportion of recent 
S&E bachelors degree candidates working in S&E related 
jobs within 2 years following graduation increasing from 
53 percent in 1980 to 58 percent in 1990 (srs 1982 and 
1992a). This trend is one of several indicators that a lot of 
S&E job creation occurred during the 1980s. 

S&E employment rates vary widely by field. Recent 
(1988 and 1989) graduates with bachelors degrees in the 
social sciences and psychology had relatively low S&E 
employment rates—26 percent and 27 percent, respec- 
tively—in 1990. In contrast, recent graduates who majored 
in the computer, environmental, or physical sciences had 
much higher rates of S&E employment—85 percent, 77 
percent, and 68 percent, respectively. These rates are 
comparable to those for the engineering specialties. In 
1990, S&E employment rates exceeded 80 percent in all but 
one of the engineering disciplines. 

In-field employment rates—i.e., the proportion of grad- 
uates employed in the fields in which they got their 
degrees—are much lower than S&E employment rates. 
(See text table 3-1.) Not surprisingly, masters degree 
recipients are far more likely than those with only bache- 
lors degrees to be employed in the fields in which they 
got their education. About 60 percent of all recent (1988 
and 1989) masters degree recipients—compared to 38 
percent of all recent bachelors degree recipients—were 
employed in their major fields of study in 1990. 

College graduates who do not seek immediate employ- 
ment usually enter graduate school. Approximately 20 
percent of 1988 and 1989 S&E bachelors degree recipients 


The downturn in corporate recruiting on college campuses has been 
tracked and documented by Patrick Sheetz in Michigan State University’s 
Recruiting Trends series, by Victor Lindquist in Northwestern University's 
Lindquist Endicott Report, by the College Placement Council, and by 
Valerie Law who maintains the Job Opportunity Barometer for Graduating 
Engineer. College Placement Council data show the number of corporate 
recruiters visiting each college campus dropping from an average of 42 in 
1986 to 23 in 1993. The Job Opportunity Barometer published in March 
1992 showed engineering recruitment down 22 percent from March 1991 
to March 1992. The American Chemical Society in its 1993 employment 
outlook reports that “the job outlook for newly graduated chemists and 
chemical engineers remains gloomy.” (According to the American 
Chemical Society, however, there is one “bright spot"—demand for chem- 
ical professionals by drug and consumer product companies remains 
strong.) Anecdotal information has also appeared frequently in the science 
press. For example, the June 8, 1992, issue of the Scientist contains a report 
on the dropoff in job offers at Caltech for students who specialized in aero- 
nautics, computer science, physics, and mechanical engineering. 
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were attending graduate school full time in 1990, down 
from 23 percent 10 years earlier (another indicator of 
healthy S&E job creation during the 1980s). Interestingly, 
over one-third of the 1988 and 1989 s&E bachelors degree 
recipients attending graduate school full time in 1990 
were pursuing professional degrees in medicine, den- 
tistry, law, or business."! 


Attachment Rates 


Little information is available on attachment rates of 
U.S. scientists and engineers. Rough estimates show that 
in the mid-1980s, fewer than half of those with degrees (at 
all levels) in engineering, and fewer than one-quarter of 
those with degrees in the natural sciences were 
employed in S&E occupations (Citro and Kalton 1989, p. 
50). The rate was below 10 percent for social science 
majors. For those with masters or higher degrees in 
either the natural or social sciences, S&E employment 
rates were considerably higher—over one-third and near- 
ly one-quarter, respectively. (There is relatively little dif- 
ference in the S&E employment rates of engineers with 


"Unpublished tabulations from Nsr’s 1990 Survey of Natural and 
Social Science and Engineering Graduates show that one-third of the 
1988 anc 1989 bachelors degree recipients who majored in the physical 
or life sciences and were in graduate school full time in 1990 were in 
medical school; 45 percent of the graduate students who majored in the 
social sciences were in law school. 


Figure 3-9. 
Science and engineering unemployment rates, 
by occupation 
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Text table 3—1. 
S&E and in-field employment rates of 1988 and 1989 S&E graduates, by degree field: 1990 
S&E occupation Employed in field 
Degree fisid Bachelors Masters Bachelors Masters 
Percent 

Total science and engineering......................... 57.6 82.2 37.8 59.0 

EE Re a ee 47.6 77.1 33.2 59.6 
ee as. 6 ka wea Rae has 0 Kd 8.60 0.6 w 8 67.9 86.3 35.6 43.4 
Mathematical sciences/statistics ........................ 66.2 83.3 39.6 57.4 
ee eee a aa O68 eet aee oe de 85.3 89.2 81.5 77.2 
ES . © ao 92.5 56.1 69.4 
EERE SE Ce ae ree ae eae ae ae 54.3 76.1 38.4 59.0 
EE ee ee ee 27.2 57.8 9.9 48.1 
a i i ee eo ew 26.0 55.2 14.1 43.5 

oe 86.1 92.0 50.7 57.8 
ee eee eb beeen 77.6 85.7 48.9 
Ce ee aa 88.5 100.0 49.6 . 
RR lee ee 6 Le Ee a ts 89.4 95.2 71.1 69.1 
Re epee aa 88.1 94.3 53.3 57.7 
Cth Coons ee ene é badede hee eensesekéeabee 80.0 72.7 42.2 26.5 
EE ee ee ee eee ee ee 84.6 100.0 ’ 
i ee ee heeds ka 6 is 88.7 94.1 44.3 60.4 
Ey ee ee ar 100.0 100.0 . ’ 


NOTES: * = no rate was computed for groups with fewer than 1,500 individuals in labor force; S&E = science and engineering. 
SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Recent Science and Engineering Graduates: 1990 
(Washington, DC: NSF). 
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bachelors or masters degrees.) At the doctoral level, s&E ative wages usually indicate a scarcity of available workers. '” 
employment rates reach and exceed 90 percent; only In general, scientists and engineers earn considerably 
those with doctorates in the social sciences have S&E more than most workers, and engineers earn more than sci- 
employment rates dipping much below 90 percent. (See entists. In fact, engineering compensation is better than in 
text table 3-2.) most professions: Only lawyers, physicians, and pharmacists 


make more than engineers. (See appendix table 3-12, figure 3-10, 
S&E Salaries 


"A good example of this occurred in the 1980s when the United 
States first began to experience an acute shortage of nurses. Nurses’ 
salaries have been increasing faster than those for almost all other pro- 


Examining trends, in salaries paid to workers is an impor- 


tant way of assessing the demand for labor, because rising rel- fessional occupations. 
Text table 3-2. 
E:nployment of scientists, engineers, and technicians: 1990 and projected for 2005 
te , Total employment Change 
1990 2005 1990-2005 
Cecupation Low Moderate High Low Moderate High 
Thousands Percent 

Total, all occupations...................... 122,573 136,806 147,191 154,543 11.6 20.1 26.1 

All scientists, engineers, andtechnicians ...... 5,650 6,177 7,606 8,964 9.3 34.6 58.7 
Engineering, math, & natural science managers . . . 315 337 423 505 6.8 34.2 60.0 
ss PETTITT TTL TEE TT LTCC TTT ee 1,519 1,489 1,919 2,332 (2.0) 26.3 53.5 
IT TTT TTT TTT TTT Te ere 174 194 230 264 12.0 32.3 52.4 
Computer, math, & operations research analysts . . 571 835 987 1,127 46.2 72.8 97.3 
EE 5 2 46.5006.4660460%040400868 200 187 241 294 (6.4) 20.5 47.6 
TTT TTT re TTT eee 224 296 320 342 32.3 42.8 52.6 
Eng./science technicians & computer programmers 2,647 2,839 3,486 4,099 7.2 31.7 54.9 


NOTE: Assumptions concerning the impact of defense downsizing on employment were included in the three scenarios. 


SOURCE: Bureau of Labor Statistics, Monthly Labor Review, November 1991 and February 1992 (Washington, DC). ow 
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Since 1987, engineering salaries have barely kept 
pace with inflation, an indication that although there 
are or may have been some shortages in some engi- 
neering disciplines, they were not severe enough to 
cause a constant-dollar increase in the price of engi- 
neering services. “The sluggish growth in salaries [can 
be] attributed to a large pool of available engineering 
talent, defense budget cuts, and downsizing in indus- 
try, which increased the number of engineers in the job 
market” (Engineering Manpower Commission 1992a). 

According to BLS data, the median annual salary for 
all engineers was $44,820 in 1992. Two other organiza- 
tions, the Engineering Workforce Commission and the 
National Society of Professional Engineers, peg the 
1992 median at $52,150 and $58,240, respectively. 

Approximately 1.3 million engineers work for indus- 
trial firms. According to data from the Engineering 
Workforce Commission, the median annual salary of all 
engineers working in industry was $54,900. (See ap- 
pendix table 3-8.) These data also reveal the following. 


@ Pay is somewhat higher in nonmanufacturing 
than manufacturing industries—S56,150 versus 
$53,850. 


@ Engineers working in the petroleum refining indus- 
try have the highest median annual salary among 
manufacturing industries; it was $72,500 in 1992. 
Those working in the chemicals, drugs, and plastics 
industry reported the second highest median annu- 
al salary —S65,400. Among all manufacturing indus- 
tries, engineering salaries in these two industries 
exhibited about the largest percentage increases— 
27 to 28 percent—between 1987 and 1992. 


Engineering Salaries 


@ Among nonmanufacturing industries, research 
and development organizations paid engineers the 
highest median annual salary—S63,500—in 1992. 


@ The median annual salary received by engineers 
(both supervisors and nonsupervisors) at the bach- 
elors; degree level rose 19 percent—from $44,150 
to $2,550—between 1987 and 1992. (See appendix 
table 3-9.) Engineers 2t the masters degree level 
saw their median annual salary increase only 14 
percent—from $51,950 to $59,350. Doctoral 
salaries rose 18 percent—from $59,700 to $70,600. 
(Only about 4 percent of the engineers working in 
industry have doctoral degrees. See Engineering 
Manpower Commission 1992a.) 


@ In 1992, nonsupervisory engineers with masters 
degrees made an average of about $6,000 more 
per year than engineers at the bachelors degree 
level. The Ph.D. premium—the salary differential 
between those engineers holding doctorates and 
those with masters degrees—was about $10,000. 


@ Engineers with supervisory responsibilities make 
an average of about $20,000 more per year than 
those without supervisory responsibilities. 


@ The starting pay of recent engineering graduates 
has been increasing at a faster pace than the medi- 
aa salary paid to experienced workers. This “com- 
pression” or narrowing of the range of compensa- 
tion between younger and older engineers indicates 
that the relative value of experience in the work- 
place has been declining (Engineering Manpower 
Commission 1992a). 


and “Engineering Salaries.”) 

Besides being lower than the salaries of doctors and 
lawyers, scientists’ and engineers’ salaries have been 
increasing at a slower pace. Between 1987 and 1992, the 
median salaries of natural scientists and engineers increased 
about 20 percent. Salaries for mathematical and computer 
scientists increased somewhat faster (28 percent). These 
gains, however, did not match those for other occupations 
that require training beyond undergraduate school. 
Physicians’ median annual salaries rose 44 percent and 
lawyers’ increased 33 percent during the same time period." 


Beginning Salary Offers 


Despite the tight labor market, most recent S&F gradu- 
ates continue to command increasingly higher starting 


"Two other occupations—psychology and registered nursing—also 
registered large (37 to 38 percent) median annual salary increases 
between 1987 and 1992. 


salaries than they did a few years earlier. The rate of 
increase, however, appears to have slackened after 1990. 

Among all bachelors degree candidates, chemical and 
petroleum engineering majors received the highest start- 
ing salary offers, averaging $39,500 and $38,400, respec- 
tively, in 1993. (See appendix table 3-13.) Average starting 
salary offers in these two fields also exhibited large aver- 
age annual percentage increases—5.0 and 3.7 percent, 
respectively, between 1988 and 1993. These gains were 
higher than those registered by any other field—except 
nursing, which had a 5.6-percent average annual increase 
during the same period. 

Recent engineering, computer science, physics, mathe- 
matics, and chemistry bachelors degree recipients 
receive higher salary offers than graduates in almost 
every other field. In 1993, starting salary offers exceeded 
$30,000 in all engineering disciplines (except civil engi- 
neering) and in computer science. (Nursing was the only 
other major with a starting salary above $30,000.) 
Chemistry, physics, and mathematics were close behind 
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Figure 3-10. 
Median annual salaries of full-time workers 
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with average starting salary offers of $28,000, $26,800, 
and $26,500, respectively. The beginning salary offers 
received by recent undergraduate degree recipients who 
majored in the biological sciences, psychology, and soci- 
ology were considerably lower. In 1993, the figures for 
these majors were between $20,000 and $23,000. 

In general, the rate of increase in starting salary offers 
slowed after 1990. For example, between 1990 and 1993, 
beginning salary offers in aerospace/aeronautical engi- 
neering increased at an average annual rate of 1.2 per- 
cent, far below the 4.1-percent rate registered between 
1988 and 1990. Similarly, the average annual rate of 
increase for civil engineering majors fell from 4.8 percent 
between 1988 and 1990 to 1.3 percent between 1990 and 
1993. In addition, students who majored in the biological 
sciences, mathematics, physics, and psychology received 
on average lower salary offers in 1993 than their counter- 
parts received in 1990. 


Forecasting the S&E Job Market 


Forecasting supply and demand for scientists and engi- 
neers is an extremely difficult (see Vetter 1992a and 1993 
and Fechter 1990), and rarely accurate (see Leslie and 
Oaxaca 1990), undertaking. For example, how could any- 
one have predicted the end of the Cold War and its after- 
math? Although the end of the Cold War has not caused 
a major disruption in U.S. labor markets for scientists and 
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engineers, some turmoil is being generated by newly job- 
less engineers (many of whom have spent their entire 
careers in the U.S. defense industry) and by scientists exit- 
ing the former Soviet Union. 

BLS analysts have conducted several studies of the 
future job market for scientists, engineers, and techni- 
cians. Findings from these studies yielded the following 
conclusions: 


@ Employment in technical occupations will grow at a 
faster pace than overall employment. 


@ Employment in technology-intensive industries will 
grow at about the same rate as employment in general. 


@ Surpluses are more likely to be observed in the S&E 
job market than shortages, but the latter (especially 
in specific fields) cannot be ruled out. 


Every 2 years, BLS analysts prepare employment pro- 
jections by occupation and by industry for the entire econ- 
omy. The most recent forecast was prepared in 1991 and 
covered the period 1990-2005. Data derived for technical 
occupations are presented in text table 3-2. They show 
wide variations in employment growth under the three 
alternative scenarios—which prescribe high, moderate, 
or low growth for the economy—BLS uses for projecting 
future employment. (Assumptions concerning the impact 
of defense downsizing on employment were included in 
these scenarios.) For all technical occupations, growth 
over the 1990-2005 period is projected to range from 9 
percent (using the low-growth scenario) to 59 percent (in 
a high-growth economy). The moderate-growth alterna- 
tive yields a 35-percent increase, a much higher gain than 
the 20-percent increase in employment projec‘ed for the 
economy as a whole (Silvestri and Lukasiewicz 1991). 

Among individual scientific and technical occupations, 
projections for engineering employment show the widest 
variation: from a 2-percent decline (using low-growth 
assumptions) to a 54-percent increase (under the high- 
growth scenario). Engineering employment is more sen- 
sitive to changes in the economy and the defense budget 
than employment in the other technical occupations. 
Under each of the three alternatives, computer, mathe- 
matical, and operations research analysts are expected to 
have the highest growth rates, ranging from a 46- to a 97- 
percent increase. Employment of social scientists shows 
the least variation in growth—up or down 7 percent— 
depending on the state of the economy. 

As part of this ongoing effort, the National Science 
Foundation (NSF) sponsored a special BLS study of 
employment growth in approximately 50 industries that 
employ the highest concentrations of technical personnel 
and all levels of government (Braddock 1992).'* Once 
again, projections were based on three alternative scenar- 


“Braddock’s definition of high-tech industries differs from the 
Organisation for Economic Co-operation and Development definition 
used in chapter 6. 
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Text table 3-3. 


Un- Under- Employment 
Degree field employment employment in S&E 
Percent 

Total science and 

engineering...... 1.4 1.7 89.7 
Sciences.......... 1.5 18 89.0 
Physical sciences . . 2.0 1.0 91.9 
Mathematics....... 0.3 0.8 92.4 
Computer sciences. . 1.4 0.3 95.3 
Environmental 

sciences ...... 1.1 1.9 94.1 
Life sciences ...... 1.7 1.6 92.6 
Psychology ....... 1.2 1.0 90.3 
Social sciences . 1.4 3.5 75.7 
Engineering... 1.1 0.9 93.4 
Aeronautical’ 

astronautical...... 1.6 1.2 96.2 
Chemicad......... 1.0 0.9 93.2 
ee 0.5 0.3 948 
Electrical/electronic. . 1.7 1.1 95.2 
Materials......... 0.9 0.4 93.2 
Mechanical........ 1.1 1.1 92.7 
ee 1.2 1.8 92.4 
Systems design .... 0.8 1.2 88.2 
Other engineering. . . 0.8 1.0 91.1 


NOTES: Underempioyed doctoral scientists and engineers are those 
who reported that they were either (1) holding part-time positions when 
they would have preferred working full time, or (2) working in non-S&E 
occupations when they would have preferred S&E jobs. 
S&E = science and engineering. 
Foundation, Characteristics of Doctoral Scientists and Engineers: 1991 
(Washington, DC: NSF, forthcoming). 
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ios. In addition to the economic and other assumptions 
used in the original BLS model, additional variables that 
affect employment in high-tech industries—e.g., the 
propensity for the Nation to spend money on R&D and the 
export of products with a high technology content—were 
incorporated in this model. 

The results of the analysis show employment in technol- 
ogy-intensive industries increasing about 20 percent (in the 
mid-range scenario) between 1990 and 2005: This is about 
the same as the employment growth rate forecast for the 
economy as a whole. This finding is counter to projections 
made a few years earlier (BLS 1990) that showed employ- 
ment in high-vech industries increasing at a faster pace than 
overall U.s. employment. The change is largely attributable 
to the turnaround in defense spending that occurred in the 
late 1980s. The curtailment of military-related expenditures 
is lowering the rate of employment growth in technology- 
intensive industries, bringing the rate of increase down to 
the level expected for all U.s. employment. 


These two BLs studies present an interesting anomaly: 
Although employment in technical occupations is expect- 
ed to increase faster than overall employment, employ- 
ment in technology-intensive industries is not expected to 
increase any faster than employment in nontechnology- 
intensive industries. One explanation is that in the less 
technology-intensive industries—e.g., those in the service 
sector—the proportion of the workforce comprised of sci- 
entists and engineers is increasing faster than employment 
in general. 

The BLs analysis of the job market for technical workers 
was carried another step farther in an attempt to deter- 
mine whether the supply of new s&E graduates would be 
sufficient to fill the new jobs created in the near future 
(1990-2005) and to replace workers who retire or leave S&E 
jobs. Once again, three estimates of the supply of new S&E 
graduates were prepared; they were calculated using 
(high, moderate, and low) percentages of the college-age 
population expected to earn bachelors degrees in science 
and engineering.'” 

Next, the number of new s&E graduates derived under 
each of the three supply scenarios was compared with the 
number of job openings derived from each of the three 
employment growth scenarios for all technical occupa- 
tions. Matching the three supply with the three demand 
estimates yielded nine possible depictions of the future job 
market for technical workers. Each of these nine alterna- 
tives was then compared with a benchmark determined by 
BLS staff to be the ratio of technical degrees awarded annu- 
ally to the number of technical job openings during a time 
(1984-90) when the supply of new S&E graduates was 
thought to be equal to the demand for them. In the late 
1980s, the ratio of technical degrees awarded annually to 
the number of technical job openings was about 1.6. That 
is, of every 16 S&E graduates, 10 took S&E jobs; the other 6 
either went into non-S&E occupations or left the country. 

Using this 1.6 ratio as the benchmark, it was deter- 
mined that most of the nine supply-demand possibilities 
yielded ratios equal to or higher than 1.6—that is, the sup- 
ply of S&E graduates was greater than the demand. Only 
in three of the alternatives—those in which high-growth 
estimates were coupled with low-growth estimates of 
technical degree production—would there be situations 
in which shortages might exist. The results of this mod- 
eling exercise indicate that although there may be future 
shortages of technical workers in some fields, overall, 
there are more likely to be surpluses in the coming 
decade and beyond.'® 


This method of estimating the supply of new scientists and engineers 
has several deficiencies cited by Braddock (1992), the most important of 
which is the omission of other sources of supply, ie.. (1) individuals 
switching to s&r jobs from other occupations and (2) immigrants. 

"In a response to the Bis findings, Finn and Baker (1993) show that 
there are likely to be more shortage situations than predicted using Bis’ 
model. They reach this conclusion by showing that the Bis estimates of 
degree production are overly optimistic. 


Empitoyment of Doctoral Scientists 
and Engineers 


Employment by Sector 


In 1991, approximately 367,400 doctora! scientists and 
69,800 doctoral engineers were employed in the United 
States. (See appendix table 3-14.) About half the scientists 
were employed at educational institutions; nearly one-third 
were employed by industry. (See figure 3-11.) During the 
piust two decades, employment of doctoral scientists has 
heen shifting from the academic to the industrial sector." 
A similar trend occurred among doctorate-holding engi- 
neers. The proportion of these engineers employed at col- 
leges and universities declined during the late 1970s and 
1980s; concurrently, the share employed in industry 
increased (NSB 1991). In 1991, one-third of employed doc- 
toral engineers worked at academic institutions; a much 
higher proportion—57 percent—worked in industry. 


Unemployment and Underemployment 


Doctorate-holding scientists and engineers have an 
extremely low unemployment rate. The 1991 unemploy- 
ment rate for all these scientists and engineers was 1.4 per- 
cent—far below the overall U.s. unemployment rate of 6 per- 
cent. In only two fields—chemistry (2.3 percent) and soci- 
ology/anthropology (2.9 percent) —did doctoral scientists 
have unemployment rates exceeding 2 percent. 

Underemployment of doctoral scientists and engineers 
is also rare. In 1991, only 1.7 percent of doctorate-holding 
scientists and engineers in the workforce were either (1) 
holding part-time positions when they would have pre- 
ferred working full time, or (2) working in non-S&E occu- 
pations when they would have preferred s&E jobs. 
However, underemployment in the social sciences was 
relatively high—3.5 percent; it was even higher in the 
social science subfield of sociology/anthropology. 

Despite these numbers, several professional associa- 
tions'* have been documenting employment difficulties 
faced by new Ph.D. recipients, focusing on one issue in 
particular—the lack of permanent, full-time positions in 
academia. According to these groups, competition among 
new Ph.D. recipients for each tenure-track opening is 


“Unpublished tabulations from the American Institute of Physics’ 
1989 Society Membership Sample Survey show that fewer than a quar- 
ter of the physicists who received their doctorates before 1969 work in 
industry. In contrast, over 40 percent of those who received their 
degrees between 1987 and 1989 are employed in industry. The compa- 
rable proportions for university employment were 47 percent and 28 per- 
cent, respectively. (These data do not include postdoctoral scientists.) 

'"The most vocal of these professional associations is a relatively new 
organization called the Young Scientists Network. Others voicing simi- 
lar concerns are the American Institute of Physics, the American 
Mathematical Society, and the American Chemical Society. Surveys of 
the latter society's membership show unemployment among new doc- 
toral chemists (which did not rise above 4 percent during the recession 
years in the early 1980s), increasing sharply in recent years. American 
Mathematical Society data show the unemployment rate of new mathe- 
matics doctorate recipients, which is normally about 2 percent, at an all- 
time high of 5 percent in 1992. See McClure (1992). 
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Figure 3-11. 
Employed doctoral scientists and engineers, 
by sector: 1991 


N = 69.766 


See appendix table 3-14. Science & Engineering Indicators - 1993 


fierce; many new doctorate-holders are becoming 
increasingly discouraged after long, unsuccessful job 
searches.'” 

The apparent oversupply of doctoral scientists in some 
fields is being blamed on 


@ perceived cutbacks in basic research funding. 


@ growth of “big science” projects (Flam 1992). 


“According to the American Mathematical Society (avis), new faculty 
recruitment in mathematics departments is down dramatically. Avis docu- 
mented that there were 17 percent fewer fulltime positions in doctorate- 
granting mathematics departments in 1990/91 than in the preceding year; 
positions in masters- and bachelors-granting institutions were also down 
sharply, 34 percent and 18 percent, respectively. See McClure (1992). 
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Text table 3-4. 
Average annual salary offers to doctorai degree candidates in selected fields: 1988-93 
i> Salary — oy a i Change from previous year 
Chemistry Math Physics Chemistry Math Physics 
—Percent 
Peer 41,292 40,668 42,480 
I oR Wide aa 43,147 45,438 42,263 45 11.7 ° 
aaa 45,356 42,775 41,486 5.1 ? 
Sa 47,911 41,146 39,913 5.6 . 
er 50,719 40,954 40,940 5.9 7 
CR bes as 50,933 39,500 50,600 0.4 ’ 
NOTES: Data are as of September of each year. * = not computed for fewer than 20 offers. 
SOURCE: College Placement Council, Survey of Beginning Salary Offers, annual series. Science & Engineer s=— 1993 


@ the exodus of scientists from the former Soviet Union 
and Eastern Bloc countries (an already overcrowded 
job market is being flooded by these new arrivals).”” 


@ tight state budgets that have resulted in cutbacks 
and hiring freezes at state-supported institutions 
(Brennan, Rawls, and Zurer 1992; and Cipra 1991). 


Some doctoral scientists unable to find academic posts 
are reluctantly taking second and third postdoctoral 
research positions.“' The most recent NsF data (which 
cover years through 1991), however, do not show a size- 
able increase in the number of postdoctorate appoint- 
ments (SRS 1992c). 

Although scientists have been vocal in their complaints 
about the lack of jobs, few data are currently available to 
support their contentions. The most recent comprehen- 
sive, statistically valid doctoral employment data are for 
1991; 1993 data are not yet available. There is a smattering 
of data collected by professional associations that points to 
a tightening of the Ph.D. job market in the 1990s. For 
example, data collected by the American Institute of 
Physics show the proportion of employed doctoral recipi- 
ents who took more than 6 months to secure permanent 
positions increasing from 13 percent in 1989 to 22 percent 
in 1991. (Additional numbers provided by professional 
associations on the worsening job market faced by their 
members appear in some of the footnotes in this section.) 
Also, data cn beginning salary offers to doctoral degree 
candidates may indicate a plentiful supply of applicants for 
available jobs. Average annual salary offers in mathemat- 
ics and physics fell between 1989 and 1991. (See text table 
3-4.) Although beginning salary offers for physicists ap- 


“For example, as many as 300 mathematicians from the former Soviet 
Union have sought employment in the United States in the last 2 years. 
According to data collected by the American Mathematical Society, the 
ratio of applicants to positions in the AMs register made a more than 180 
degree turnaround—from 1:2 in the mid-1980s to nearly 3:1 in 1992. 
Immigrants accouried for 13 percent of new Ph.D. recipients hired by 
doctorate-granting departments. See McClure (1992). 

“'The American Chemical Society's survey of its membership revealed 
that the proportion of new chemistry Ph.D. recipients taking postdoctor- 
ate positions increased from 34 percent in 1990 to 37 percent in 1991 to 
45 percent in 1992. 


pear to have increased after 1991, th ce ved by math- 
ematicians continued to fall, and uissc received by 
chemists did not increase appreciably between 1992 and 
1993. 

From another perspective, labor market experts, and 
even fellow members of the S&E conimunity, have been 
contending that there is no shortage of challenging work 
opportunities for doctoral scientists.” Most of those oppor- 
tunities are in industry and some will be in nonscientific 
specialties, “where science or engineering training is not 
only invaluable but also a growing concomitant of manage- 
ment success and industrial and governmental leadership 
so necessary in this technological age” (White 1991). 

In the past, there was considerable resistance among 
new doctoral scientists to employment in the industrial 
sector.’ Many in the academic community held the belief 
that the most important work—basic research—was done 
in a university setting, and that only university laborato- 
ries could offer the academic freedom necessary to 
explore new ideas. But the stereotype of industry as a 
place where only second-rate research is conducted has 
been fading because: 


@ The academic world has become more constrained. 
The quest for funding has become a never-ending 
mission. Because funding is so difficult to secure, sci- 
entists may not be able to follow their own research 
agenda; instead, they may be limited to conducting 
research in areas of interest to those organizations 
willing to provide the funding (Barinaga 1992). (See 
chapter 5 for a discussion of the academic R&D sector.) 


“Some physicists have found rewarding work in soft vare engineer- 
ing, patent law, health physics, accounting, and many otner fields. And 
mathematicians are finding opportunities in the insurance and banking 
industries and even in the environmental field where “modeling should 
provide substantial opportunity for applied mathematicians for years to 
come” (Seitelman 1991). Alan Chynoweth, head of research at Bellcore, 
told a Science reporter (Flam 1992) that “ there's no shortage of really 
interesting work to be done if people are willing to be flexible.” Most 
physicists do find work in physics, although the jobs they get may not 
have been their first choice. 

“In addition, many new doctoral physicists and chemists are unpre- 
pared for jobs in industry, having “never set foot in an industrial labora- 
tory (let alone a factory)” (Weatherall 1992). 


78 ¢ 


@ The growing number of successful industry-univer- 
sity collaborations (see chapter 4) has helped erase 
the anti-industry stigma (Holden 1991). 


Salaries 


Industry has always been more attractive than 
academia in one important respect—salary. In all but one 
scientific field, doctoral salaries are higher in industry 
than in academia.“! (See appendix table 3-15.) In the 
1980s, however, faculty salaries rose at a faster pace than 
those paid scientists working in industry, narrowing the 
gap between the two pay levels (Finn 1991, p. 27). 

The median salaries for both doctoral engineers and 
doctoral scientists working in :ndustry were roughly compa- 
rable—S71,400 for engineers, and $69,000 for scientists, in 
1991.” In the academic sector, however, there is a striking 
divergence between the two medians. The median annual 
salary of all doctoral engineers employed at academic insti- 
tutions—S$67 ,800—is significantly higher than the median 
salary for all scientists—$55,200. This $13,000-difference 
reflects the fact that in recent years many universities had 
difficulty recruiting engineering faculty and therefore had to 
offer salaries competitive with those offered by industry. 
Only 6 to 7 percent of all engineers have doctoral degrees, 
making ‘em a scarce commodity—one much in demand at 
engineering-intensive research organizations like NASA, as 
well as on college campuses (Engineering Manpower 
Commission 1992b). 

Although the median salary for all doctoral engineers is 
higher in industry than in academia, that is not the case in 
three engineering specialties—civil, materials science, and 
nuclear. 

Although faculty positions in several fields are current- 
ly scarce, demand for college and university professors is 
expected to increase in the late 1990s and continue to 
increase beyond the year 2000 because 


@ college enrollment will be rising (a turnaround from 
the current decline) as the offspring of the baby 
boom generation reach college age; 


¢ college professors hired in the 1950s and 1960s will be 
retiring, creating an unusually large number of vacan- 
cies in academia and the need to replace them;”° 


@ the annual number of U.s. citizens obtaining doctor- 
ates in science has not risen appreciably for the past 
two decades, and there are no indications it will 
increase in the foreseeable future (SRS 1993b). 


‘It is often noted that the difference between Ph.D. median salaries in 
industry and in academia is actually smaller than the data indicate. That is 
because many academically employed scientists and engineers have 9 or 10- 
month contracts; they earn additional income (not included in the data pre- 
sented in this chapter) from consulting and teaching during the summer. 

-“Data collected by the Engineering Workforce Commission show the 
1992 median salary for doctoral engineers working in industry to be 
$70,600. (See appendix table 3-9.) 

“6For example, in chemistry departments the number of retiring profes- 
sors is expected to increase from 250 per year in 1990 to 350 per year by 
1995 and then to 450 per year in 2000 (Brennan, Rawls, and Zurer 1992). 
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Special Populations in the 
S&E Workforce 


Employers have begun to recognize the value in having 
a diversified workforce, one in which women and minori- 
ties are represented in proportions that approach their 
representation in the total population. They are also 
aware that the majority of new workforce entrants are 
women and minorities. Therefore, they are making it a 
priority to hire more women and minorities to fill white- 
collar vacancies in their organizations. Meeting their 
goals for hiring women and minorities has generally 
proven difficult, however,” especially in particular occu- 
pations. A common complaint among technical recruiters 
is an inability to find sufficient numbers of women and 
minorities to fill S&E positions in their companies. While 
women and minorities have made great strides in attend- 
ing college and moving into other professions once dom- 
inated almost entirely by white men, e.g., medicine, law, 
and business, their participation rates in engineering and 
some of the physical sciences still lag far behind those of 
white males (srs 1992d). Moreover, S&E pipeline statistics 
(see chapters 1 and 2) indicate that the number of female 
and minority physical scientists and engineers will not be 
much larger in the foreseeable future. 


Women 


Thirty years ago women had few career choices. 
Although the number of women acquiring college 
degrees increased steadily during the 1950s and 1960s, 
women’s employment opportunities were largely limited 
to teaching or nursing. Today, women have an unlimited 
number of career options.** Disproportionately few, how- 
ever, choose engineering; women are also underrepre- 
sented in some of the physical science fields, e.g., physics 
and geology. (See “Factors in Female Underrepre- 
sentation” for information on current research into the 
reasons for women’s underrepresentation in these fields.) 

In 1992, just 9 percent of U.S. engineering jobs were 
filled by women. In addition, only 13 percent of working 
physicists and astronomers, and 11 percent of geologists, 
were female. (See figure 3-12.) In contrast, in 1992, near- 
ly one-third of all lawyers and over one-quarier of all 


« 


physicians in the labor force were women.”’ Also, women 


‘Dupont has been one of the most successful companies in recruiting 
women and minorities. Dupont’s goal—tha. at least 40 percent of its new 
(professional and technical) hires should be women and minorities— 
has been exceeded in most years. The company has even been success- 
ful in recruiting enough women and minorities to meet its 40-percent tar- 
get in filling S&E jobs (McCormick 1992). 

“Turner and Bowen (1990), in a study of college degrees awarded to 
women, concluded that women now attending college who once could 
have been expected to major in teaching, now choose instead to major 
in business. 

“"These percentages will climb steadily for at least several more years 
because women now comprise about 40 percent of the students cur- 
rently attending medical school and half of those in law school. 
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Factors in Female Underrepresentation 


The literature is replete with accounts of comprehen- 
sive analyses as to why women are underrepresented in 
engineering and some of the physical sciences. Most of 
the research points to differences in the education* and 
socialization of women, and the lack of female scientists 
and engineers as role models as the primary reasons 
women have made so little progress in these profes- 
sions. 

Unquestionably, these are all important factors. But 
they do not explain the remarkable progress women have 
made in knocking down the barriers to entry in other chal- 
lenging professions. The best example is the field of 
medicine. Women have demonstrated their ability to meet 
the rigorous educational and other requirements neces- 
sary to obtain medical degrees in numbers approaching 


have made great gains in employment in many of the 
sciences. They now account for 40 percent of the bio- 
logical scientists, 30 percent of the chemists, and near- 
ly 60 percent of the psychologists. (See appendix table 
3-16.) 


Women in Engineering. Despite recent progress,” 
no profession exhibits a greater disparity in the employ- 
ment of men and women than engineering. As recently 
as 1970, only 358 bachelors degrees in this field (fewer 
than 1 percent of the total) were awarded to females. 
Between 1975 and 1985, there was tremendous growth in 
the number of engineering baccalaureates granted to 
women, with the number of awards increasing from 
fewer than 900 in 1975 to more than 11,000 in 1985. 
Although the annual number of undergraduate engineer- 
ing degrees awarded to women fell slightly in the 1990s, 
the percentage of degrees received by women is holding 
steady at about 16 percent.*! 

The scarcity of women obtaining engineering degrees 
is reflected in starting salary data: New female engineer- 
ing graduates receive higher starting salaries than men. 
The average weighted starting salary offer for bachelors 
degree candidates in engineering was $34,485 for women, 
compared to $33,612 for men, in 1993.°? 

Higher starting salaries notwithstanding, a gap begins 
to appear after several years of experience are acquired. 


“Between 1983 (the earlies' year for which comparable data are avail- 
able) and 1992, the percentage of women engineers in the workforce 
increased from 5.9 percent to 8.7 percent. 

“Engineering Workforce Commission (1993). Although the number 
of bachelors degrees in engineering awarded to women fell slightly in 
the 1990s, the number of graduate degrees has continued to rise. 
Overall, masters and doctorate awards in engineering increased 6.7 per- 
cent and 9.8 percent, respectively, from 1990 to 1992. Awards to women 
in these two categories, however, increased 15.4 percent and 19.6 per- 
cent, respectively, during the same period. 

%2Derived from the College Placement Council’s 1993 Salary Survey. 


those of men. For example, in 1992, 5,500 women earned 
medical degrees; in that same year, only 86 U.S. women 
were awarded doctorates in physics (SRS 1993b). 

One of the reasons qualified women and men are 
choosing careers in medicine (and law and business) 
over those in science and engineering is obvious— 
salaries are higher. In addition, some researchers have 
been digging deeper, searching for other clues. Some 
of the most promising inquiries in this area appear to be 
those scrutinizing the image of science and engineer- 
ing as portrayed in the media and other forms of popu- 
lar culture (see Augustine 1991). 


*For example, Vetter (1990) sees lack of preparation and profi- 
ciency in mathematics as the single most important barrier preclud- 
ing women from engineering careers. 


Figure 3-12. 
Employed wage and salary workers who usually 
work full time, by occupation and sex 
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See appendix table 3-16. Science & Engineering Indicators — 1993 


Men’s salaries continue to increase with years of experi- 
ence, but women’s reach a plateau. The chief explanation 
for this widening gap is that significantly more men are 
promoted to managerial positions than women.” Just 15.3 
percent of female engineers held management positions in 
1986, compared to 35.5 percent of male engineers (SRS 


SA number of recent studies have documented the underrepresenta- 
tion of women in corporate management. See Brush (1991). 


Figure 3-13. 
Bachelors degrees in engineering, by sex: 1992 
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Source: Engineering Workforce Commission, “Women in Engineering,” 
Engineering Workforce Bulletin No. 125, May 1993 
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1990).*4 The difference in the percentages of men and 
women engineers in management is in large part attributable 


“American Chemical Society data also show that as male chemists 
acquire more experience, they are far more likely than females with sim- 
ilar years of experience to go into management. In addition, these data 
show that women have not made any progress in moving into R&D man- 
agement positions. In 1990, 7 percent of female chemists in industry 
were R&D managers, the same percentage recorded 10 years earlier 
(Hileman and Rawls 1991). 
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to the fact that female engineers are usually younger and less 
experienced than their male counterparts.”” 

Additionally, women and men are distributed different- 
ly among engineering specialties, as indicated by bache- 
lors degree awards.” (See figure 3-13.) Electrical and 
mechanical engineering are chosen most often by both 
men and women. Women, however, are more likely to 
specialize in industrial and chemical engineering, while 
men are more likely to pick civil, computer, and 
aerospace engineering. 


Women in Academia. Female scientists and engi- 
neers hold fewer tenured positions at universities than 
their male counterparts. In 1990/91, only 17 percent of 
the full-ume female faculty in u.s. colleges were full pro- 
fessors, compared to 44 percent of the male professors 
(Brush 1991, p. 411, and Ehrenberg 1991). The numbers 
for the natural sciences and engineering are even lower. 
In 1989, there were 61,000 full professors in the natural 
sciences and engineering in the United States, of which 
only 3,800 were women (srs 1992d). 

Women comprised 18.8 percent of the doctoral S&E 
workforce in 1991. (See text table 3-5.) While women are 
well-represented in psychology and fairly well-represent- 
ed in the social and life sciences, they accounted for only 
3.4 percent of all doctoral engineers in 1991. Of all aca- 
demic fields, engineering has the lowest proportion of 
women with Ph.D. degrees. 


Minorities 

Like women, members of the two largest minority 
groups in the United States—blacks and Hispanics—are 
underrepresented in the S&E workforce. In contrast, 
Asians—the third largest minority group—make up a 
larger share of the S&E workforce than their representa- 
tion in the total population. 

Blacks are underrepresented in many professional spe- 
cialty occupations. Nowhere is this more evident than in 
science and engineering. (See appendix table 3-17.) Al- 
though blacks comprised about 11 percent of the total U.s. 
workforce and 8 percent of all those in professional spe- 
cialty occupations in 1992, only 4 percent of employed 
engineers and 2.7 percent of the natural scientists were 
black. (See figure 3-14.) Their representation in mathe- 
matical and computer science occupations was somewhat 
higher at 7.1 percent. Although some progress has been 
made over the past decade—e.g., the proportion of black 
engineers in the workforce rose from 2.6 percent in 1983 


Also blamed for the dearth of female engineers in management are 
various socialization factors—e.g., women are less concerned with 
work, are not driven by a desire for high-status positions or promotions, 
and are only working until they raise a family (See Vetter 1992a). 

“Women’s particular choices in engineering provide support for the 
supposition that women are more likely than men to select S&E fields that 
have more bearing on the well-being of humans and their quality of life. 
Similarly, in the natural sciences, women are more highly represented in 
the life sciences than in the physical sciences (Baignee 1990, pp. 7-9). 
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Text table 3-5. 
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Female and minority proportions of doctoral science and engineering workforce, by desjree field: 1991 


Proportion of science & engineering workforce 


i ‘ative 
Female Black Asian American Hispanic 

Percent — 

Total science and engineering ....... 18.8 2.1 9.8 0.2 1.2 
ee 21.7 2.2 7.3 0.2 1.8 
Physical sciences................. 8.9 1.1 11.3 0.1 1.7 
ree 10.2 1.1 10.7 0.1 2.2 
Computer sciences................ 11.8 0.5 20.3 0.1 1.7 
Environmental sciences............. 9.6 0.2 5.3 0.2 1.0 
TE 24.0 1.9 7.8 0.2 1.6 
ee 38.1 3.1 1.6 0.2 2.0 
EE 23.9 4.2 5.6 0.2 2.1 
oad on ace oe 09404 40 9 3.4 1.2 23.1 0.2 1.9 
Aeronautical/astronautical........... 2.0 1.4 19.3 . 1.5 
ES re 3.7 0.8 24.4 ° 1.2 
0 Oe re 3.6 2.4 23.0 0.2 2.0 
Electrical/electronic................ 2.5 1.3 23.3 0.1 1.9 
ihe. +46 ke kh oe 404% 4 0: 6.0 0.9 25.2 0.2 3.0 
ES £24 eek se bb's 00% 4000404 2.1 1.4 26.7 0.1 2.0 
Ee 2.8 0.3 18.8 ° 2.8 
Systems design .................. 13.4 5.8 15.8 . 4.3 
Other engineering................. 3.2 0.3 20.9 0.4 1.5 


NOTE: * = no cases reported. 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: 


NSF, forthcoming). 


to 4 percent in 1992, and the percentage of mathematical 
and computer scientists increased from 5.2 to 7.1 per- 
cent—their representation among natural scientists actu- 
ally declined, dropping from 3.1 percent to 2.7 percent 
during this period. 

Employment of Hispanics in S&E occupations shows a 
similar degree of underrepresentation, one that is per- 
haps even more severe in the case of professional spe- 
cialty occupations in general. However, Hispanic repre- 
sentation in all three S&E categories—engineering, math- 
ematical and computer science, and natural science— 
increased between 1983 and 1992. 

There are some positive trends. The production of 
minority engineering graduates has been increasing 
steadily. Data from the Engineering Workforce 
Commission show the percentage of bachelors degrees 
in engineering awarded to 


@ blacks increasing from fewer than 1 percent in 1970 
to nearly 4 percent in 1991, and 


¢@ Hispanic graduates (of domestic institutions) increas- 
ing from 1.8 percent in 1973 to 3.6 percent in 1991. 


Doctoral statistics in engineering remain an area of 
concern. Unlike Hispanics, blacks have made almost no 
progress in the past decade toward increasing their rep- 
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resentation among Ph.D.-holding natural scientists and 
engineers. Blacks earned only 1.3 percent of the doctor- 
ates awarded in the natural sciences and engineering in 
1990; this was about the same percentage as their pro- 
portion in 1980. In contrast, the number of Hispanics 
earning doctoral degrees more than doubled. The pro- 
portion of all doctoral degrees awarded to Hispanics rose 
from just over 1 percent in 1980 to 2.7 percent in 1990. 

Doctoral workforce statistics are similar. Only 1.5 per- 
cent of the doctorate-holding natural scientists, and 1.2 
percent of the doctoral engineers, working in the United 
States in 1991 were black. (See text table 3-5.) Hispanics 
accounted for slightly higher proportions—i.7 percent 
and 1.9 percent, respectively. In contrast, 9.8 percent of 
doctorate-holding natural scientists and 23 percent of doc- 
torate-holding engineers working in the United States in 
1991 were of Asian origin. 

The scarcity of black and Hispanic scientists and engi- 
neers has made them a much sought-after group of poten- 
tial employees. Despite the slowdown in recruiting activi- 
ty in the 1990s, a recent survey revealed that employers 
consider diversifying their workforces and the availability 
of minority candidates in technical specialties to be 
among their major concerns (College Placement Council 
1991). Graduating Engineer, a journal that monitors job 
prospects for minority engineering candidates, deter- 
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Figure 3-14. 
Representation of minorities in the science and 
engineering labor force: 1992 


Blacks - 3% 


Hispanic origin - 3% 


— 


Engineers 
N = 1,594,000 


See appendix table 3-17. Science & Engineering Indicators - 1993 


mined that minority students have a slight, but definite, 
edge over their nonminority, male counterparts in com- 
peting for engineering jobs (Law 1992). 


immigrant Scientists and Engineers 


Immigrant scientists and engineers have always been 
a crucial component of the S«E workforce in the United 
States. In 1992, nearly 23,000 scientists and engineers 
immigrated to the United States, 62 percent more than 
in 1991. The 1992 increase is probably due to enactment 
of the Immigration Act of 1990, which nearly tripled the 
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number of employment-based visas that can be issued 
annually. 


Regions of Origin. Most of the s&E immigrants admit- 
ted in 1992 were born in the Far East, primarily India 
(3,600), China (3,100), and Taiwan (2,400). Also, Poland, 
the United Kingdom, the Philippines, the newly indepen- 
dent states of the former Soviet Union, Hong Kong, Iran, 
and Canada each accounted for at least 500 of the scien- 
tists and engineers who immigrated to the United States 
in 1992. (See appendix table 3-18.) 

The annual number of S&E immigrants admitted to 
the United States during the 1980s ranged between 
9,500 and 13,000. During the 1970s and 1980s, there 
was only minor, gradual shifting in the shares of immi- 
grants from various regions of the world. The propor- 
tions of immigrants born in Western Europe, the Near 
and Middle East, and the Western Hemisphere rose 
slightly; while the proportion born in the Far East 
declined from 52 percent in 1976 to about 43 percent in 
1990. (See figure 3-15.) 

After 1990, however, there were some dramatic 
changes in the proportions of ScE immigrants from the 
various world regions: 


@ The share of S&E immigrants from countries in the 
Far East increased from 43 percent in 1990 to 55 per- 
cent in 1992. 


Figure 3-15. 
immigrant scientists and engineers, 
by region of birth 
Percent 
60 
- P< 
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See appendix table 3-18. Science & Engineering Indicators — 1993 
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Text table 3-6. 
Scientists and engineers from the former Soviet Union admitted to the United States on permanent visas 


1982 1983 1984 1985 1987 1989 1990 1991 1992 


Total scientists and engineers........ 768 255 189 125 116 440 646 1,561 826 
Ee 562 204 148 90 79 351 479 1,253 588 
Math. scientists & computer spec....... 112 17 11 6 7 23 96 102 83 
0 re 67 29 19 19 17 40 40 118 104 
Social scientists................... 27 5 11 10 13 26 31 88 51 


SOURCE: Immigration and Naturalization Service, unpublished tabulations by Science Resources Studies Division, National Science Foundation. 
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@ The proportion from Central and Eastern Europe economy and that without them, U.s. educational institu- 
increased from 12 percent in 1990 to 18 percent in tions’ engineering departments would face a serious 
1991, but then dropped back down to 12 percent in dilemma. There is less consensus on the immigration of 
1992. The 1991 increase was caused by an unprece- engineers; efforts to increase immigration are sometimes 
dented number—1,561—of scientists and engi- seen as a means of keeping wages depressed (Engi- 
neers emigrating from the former Soviet Union. (See neering Manpower Commission 1991b). There is also 
text table 3-6). concern about the economic consequences of the “brain 
; ae drain” on both developed and developing countries. 

@ The share of SXE immigration represented by each There is some evidence that an increasing number of for- 
of the other regions— Western Europe, the Near and eign nationals—especially those from Taiwan and South 
Middle East, Africa, and the Western Hemisphere— Korea—are returning to their home countries (see chap- 
fell during the 1990s. ter 2 and srs 1993a). 


Fields of Employment. Annually, two-thirds to three- 
quarters of the S&E immigrants admitted to the United 
States are engineers. (See figure 3-16.) In 1992, 15 per- 


cent were mathematicians or computer specialists, 12 Figure 3-15. 

percent were natural scientists, and 5 percent were social Scientists: and engineers admitted to the 

scientists. United States on permanent visas 
Foreign-born engineers are particularly prevalent on 

U.S. college campuses (where many of them earned their Thousands of immigrants 

doctorates). Many of these immigrants are teaching, 25 


thereby helping ease a shortage of engineering faculty 

caused by a decline in the number of U.s. citizens who pur- 

sued engineering doctoral degrees in the previous 20 
decade. Certain engineering jobs in U.s. industrial firms— 
those with a Pentagon connection—require U.s. citizen- 
ship, so many immigrants have an easier time finding jobs 
on college campuses. Without these immigrants, some , 
engineering schools would have had difficulty surviving | aie 
(see Barber and Morgan 1987, 1988). But there is a down- F 
side to the increasingly foreign makeup of many engi- TS Serer een Seen 
neering departments: Reports of language (see Barber, | = _Lesecel. ~o* 
Morgan, and Torstrick 1987) and cultural barriers have = 3 

surfaced, the latter leading to charges of insensitivity 

toward women and minorities (see Vetter 1992a). There is 


Social scientists 


also the view heid by some labor market economists that 

. . ' Natural scientists — 
easy access of foreign nationals to U.s. college campuses ee eee mane |. 
lets the United States continue to ignore its responsibility (U1 ei 
to develop science and engineering talent among women 1982 1984 1986 1988 1990 1992 
and underrepresented minorities (Bergmann 1992). See appendix table 3-18. Science & Engineering Indicators — 1993 


Few would disagree that immigrants with doctorates in 
engineering are making a valuable contribution to the U.s. 


International Comparisons 


A country’s employment of scientists and engineers is 
a significant indicator of its level of effort in, and relative 
national priority for, science and technology. Inter- 
national comparisons are complicated, however, by dif- 
ferences in countries’ definitions of specific jobs and in 
methods of data collection and estimation. Still, interna- 
tional employment data provide insight into the relative 
strengths of S&E workforces globally. This section pre- 
sents data and limited comparisons on the S&E workforce 
in Canada, France, Germany,” Italy, Japan, Sweden, the 
United Kingdom, and the United States. 


S&E Employment as a Proportion of the 
Labor Force 


More nonacademic scientists and engineers are 
employed in the United States—3.5 million—than in any 
other major industrialized country. Japan ranks a distant 
second with 2.3 million nonacademic scientists and engi- 
neers. (See appendix table 3-19.) Until recently, the 
United States also had the highest proportion of its labor 
force employed as scientists or engineers—328 per 
10,000 workers in 1986. More recent data, however, show 
the U.S. ratio at 298—below that for Sweden (522), Japan 
(380), and the United Kingdom (328). 


Employment of Women 


The United States has had more success than the other 

industrialized countries studied in attracting women into 
the nonacademic S&E workforce. (See appendix table 3- 
19.) It has the highest proportion of female scientists in 
the labor force (54 per 10,000 workers). Canada ranks 
second with 48, followed by Sweden (43), France (36), 
and the United Kingdom (32). Among these countries, 
the United States has the second highest proportion of 
female engineers (13 per 10,000 workers); Sweden has a 
higher ratio of female engineers—16. Although women 
are vastly underrepresented in engineering in al! indus. 
trialized nations, their numbers have been increasing. 
For example, in the United States, the ratio of female 
engineers per 10,000 workers rose from 8 in 1986 to 13 in 
1992. In Japan, it rose from 3 in 1985 to 8 in 1990." 


Employment by Sector 


In five of seven major industrialized countries,” the 
services sector is the leading employer of scientists. 
Germany” and the United Kingdom are the exceptions— 
in both countries, the manufacturing sector employs the 


3’German data in this section are for the former West Germany only. 

Center for International Studies, .s. Census Bureau, and unpub- 
lished NsF data. 

3The comparison in this section does not include Italy. 

“German data in this section are for the former West Germany only. 
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largest number of such scientists. The manufacturing 
sector is the second largest employer of scientists in the 
other five countries. In the United States, the government 
sector employs the third highest number of nonacademic 
scientists. (See appendix table 3-20.) 

The manufacturing sector was the largest employer of 
nonacademic engineers in six of the seven countries com- 
pared. The proportions ranged from 31 percent in Canada 
to nearly half in Sweden, the United Kingdom, and the 
United States. In Japan, however, more engineers are 
employed in the services sector than in manufacturing. 

Across all countries, engineers considerably outnum- 
ber scientists in manufacturing. (See appendix table 3- 
21.) By occupation, industrial/mechanical engineers con- 
stituted at least half of the s«E manufacturing workforce 
in the United States, the United Kingdom, and Sweden. 
The proportion of these engineers was also high in 
France, Germany, and Canada, where they accounted for 
between 41 and 43 percent of all scientists and engineers 
employed in manufacturing. 

The distribution of the Japanese s&E manufacturing 
workforce differs from that of the other countries. In 
Japan, the largest proportion of its SE manufacturing 
workforce was civil engineers (32 percent). (For all other 
countries, except Germany, civil engineers accounted for 
no more than 5 percent of the manufacturing S&E 


Figure 3-17. 
Ratio of R&D scientists and engineers per 10,000 
workers in the general labor force, by country 
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NOTE: German data are for the former West Germany only. 
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workforce.) Japan had the smallest proportion of natu- 
ral scientists (4 percent) employed in manufacturing. 


R&D Employment 


The United States had more FTE scientists and engineers 
engaged in R&D in 1989 than did Japan, Germany, France, 
the United Kingdom, Italy, and Sweden combined. (See 


appendix table 3-22.) In fact the United States had twice as 
many R&D scientists and engineers as Japan and about five 
times as many as Germany. As a proportion of the labor 
force, however, Japan now has approximately the same con- 
centration of R&D scientists and engineers as does the 
United States. Japan's 1990 ratio of R&D scientists and engi- 
neers per 10,000 labor forcee—75.6—was exactly the same 
as the 1989 Us. ratio. (See figure 3-17.) 
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HIGHLIGHTS 


@ Health accounts for a rapidly growing share of 
the Nation’s total R&D investment. The National 


NATIONAL TRENDS 
¢ Continued slow growth is indicated for the 


Nation’s R&D investments. U.S. support for R&D 
grew at an estimated average annual constant dollar 
rate of 0.9 percent between 1985 and 1993, or one- 
sixth the 5.3-percent rate for the 1975-85 period. 
Total R&D expenditures reached an estimated $161 
billion in 1993, or 2.6 percent of gross domestic prod- 
uct (GDP). 


The United States leads all other countries in 
terms of the amount spent on R&D. Although the 
United States spent 11 percent more on total R&D in 
1991 than did Japan, the former West Germany, and 
France combined, these three countries collectively 
spent 17 percent more on nondefense R&D. However, 
only in Japan has nondefense R&D grown notably 
faster than in the United States since the early 1980s. 


There has been a worldwide slowing in R&D 
funding growth since the late 1980s. Sluggish 
R&D growth—and even decline—is recently indicated 
for each of the seven major research-intensive indus- 
trialized countries. 


The Federal Government provides a decreasing 
fraction of U.S. R&D support. The federal share of 
the Nation’s R&D funding total edged downward from 
46 percent in 1985 to an estimated 42 percent in 1993. 
Industry’s share of total increased slightly during this 
period, from 51 to 52 percent. The combined share of 
state government, university, and nonprofit support 
grew from 3 to 6 percent. 


Universities account for an increasing propor- 
tion of U.S. R&D performance. The share of all R&D 
that was conducted in academic institutions—excluding 
associated federally funded R&D centers (FFRDCs)— 
grew from 9 percent in 1985 to 13 percent in 1993. 
Industrial firms’ R&D performance share fell from 72 
to 68 percent over the same period. R&D undertaken 
in federal agencies’ intramural labs and all FFRDCs 
combined annually accounted for 16 to 17 percent of 
the U.S. total. 


The character of R&D activities is shifting. 
Development declined from 65 percent in 1985 to an 
estimated 59 percent in 1993 as a proportion of the 
Nation’s R&D total. Applied research grew from 22 to 
25 percent, and basic research increased from 13 to 
16 percent. The increasing complexity and interrelat- 
edness of R&D activities may make these conceptual 
distinctions less useful in the current research envi- 
ronment than they had been previously. 


Institutes of Health (NIH) estimates that about 18 per- 
cent of combined federal, state, and local government 
R&D support is health-related, and that most of it is 
provided by NIH. Similarly, about 18 percent of all pri- 
vately funded R&D is health-related. Health's share of 
the Nation’s R&D total was about 12 percent in 1985. 


¢ The state distribution of R&D performance is 


highly concentrated and relatively stable. R&D 
carried out in 10 States accounted for 67 percent of 
the 1991 U.S. expenditure total. California alone 
accounted for a 20-percent share. This geographic 
concentration is not new; in 1975, these same 10 
States represented 64 percent of the R&D performed 
nationwide. 


FEDERAL TRENDS 
@ U.S. Government R&D funding priorities are 


shifting. Defense accounts for 59 percent of the esti- 
mated 1994 federal R&D effort, down from its 69-per- 
cent peak share of 1987. Most federal growth since 
then has been in health research—much of it AIDs- 
related—and space research, primarily for Space 
Station Freedom. Since 1990, considerable growth is 
indicated for the industry-related applied research 
programs of the Department of Commerce and for 
university-performed basic research funded by the 
National Science Foundation. 


Federal research support is concentrated in 
particular fields of science. Funding for the life 
sciences dominates federal basic research totals (46 
percent in 1993) and has grown steadily since the 
early 1980s. One-third of federal applied research 
support is for the life sciences and one-third for engi- 
neering, primarily aeronautical. 


Individual investigators receive a slightly small- 
er share of federal civilian academic research 
support than ir the past. From 1980 to 1989, the 
share of such funds going to individual investigators 
declined from 56 to 51 percent. The proportion of fed- 
eral nondefense academic support that funds research 
teams and major facilities increased somewhat. 


Federal R&D support is increasingly tied to spe- 
cific multi-agency initiatives. As part of an overall 
strategy to use science and technology to achieve 
national goals, the 1994 budget targeted $12.5 billion 
for six presidential initiatives, ranging from global 
environmental change research to science and math 
education. 
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@¢ Considerable change is under way in the 
Department of Defense (DOD) post-Cold War 
budgetary plans. R&D accounts for 14 percent (S38 
billion) of DOD's estimated total 1994 outlays (S269 
billion), up from its 10-percent share ($13 billion of 
the $132 billion pop total) at the beginning of the 
defense buildup in 1980. In DOD's new Science and 
Technology Program, government R&D is empha- 
sized as a way to maintain the Nation's defense tech- 
nolesy base. DOD has relaxed its criteria defining 
those industry independent R&D projects that it will 
reimburse. Additionally, DOD is funding out of its R&D 
budget a multi-agency defense conversion program 
to bolster economic competitiveness and promote 
dual-use technologies. 


INDUSTRY TRENDS 


@ Direct federal R&D support to industry is highly 
concentrated and occasionally targeted. Federal 
funds account for just one-fourth of the money used 
for industrial R&D performance; aerospace and com- 
munication equipment firms receive 76 percent of 
this federal support total. Federal agencies also pro- 
vided one-third of the R&D funds used by nonmanu- 
facturing industries in 1991. Moreover, during the 
past decade, more than $3 billion in federal R&D sup- 
port has been awarded to small businesses through 
the Small Business Innovation Research program. 


@ Considerable indirect federal R&D support is 
provided to industry. Since 1981, more than $20 
billion has been provided to industry through tax 
credits on incremental research and experimentation 
expenditures. 


Introduction 
Chapter Background 
The United States spent an estimated $161 billion on 
research and development (R&D) activities in 1993.' This 
investment in the discovery of new knowledge—and in 


the application of knowledge to the development of new 
and improved products, processes, and services—was 


‘Throughout this chapter, current funding or expenditure data are 
presented in nominal dollars. In keeping with U.s. Goverpment and 
international standards, kal trend data usually are deflated to 1987 
constant dollars using the Gp? implicit price deflator and are so indicat- 
ed. (See appendix table 4-1.) Since GpP deflators are calculated on an 
economy-wide rather than kal-specific basis, their use more accurate- 
ly reflects an “opportunity cost” criterion, rather than a measure of 
cost changes in doing research. The constant dollar figures reported 
here thus should be interpreted as real resources foregone in engag- 
ing in R&D rather than in other activities such as consumption or physi- 
cal investment. Broad-based dc flators—such as the GbP deflator—are, 
however, quite useful in approximating changes in aggregate R&D 
costs Jankowski 1993). They are undoubtedly much /ess appropriate 
for calculating real RAD expenditures at a more disaggregated level. 


¢ Federal labs are accelerating efforts to help 
industry make commercial use of their 
research. Over 1,500 cooperative agreements have 
been negotiated between federal labs and industry 
since 1987, and the number of licensing agreements 
has more than doubled. Also, the Nation's large 
weapons labs have incorporated civilian technology 
transfer activities into their mission goals. 


¢ Industry is expanding its use of domestic research 
collaboration. The number of university-industry 
research centers has grown rapidly during the past 
decade. An estimated 1,058 centers were in existence 
in 1990. More than 350 multi-firm ceoperative research 
ventures, including R&D consortia, have been regis- 
tered nationwide since 1985. 


¢ Industry’s use of international research partner- 
ships is expanding. The number of known interna- 
tional multi-firm R&D alliances grew from about 250 
in the 1970s to almost 1,500 in the 1980s. 


@ The internationalization of industrial R&D activi- 
ties is intensifying. In 1991, the overseas R&D 
investment by U.S. companies was equivalent to 11 
percent of industry's domestic R&D spending com- 
pared to 6 percent in 1985. In 1990, foreign compa- 
nies accounted for an amount equivalent to 15 per- 
cent (majority-owned foreign affiliates for 11 percent) 
of all industrial R&D expenditures in the United 
States, compared to their 9-percent share in 1385. 
Also, about one-half of the 255 foreign-owned R&D 
facilities in the United States in 1992 had been estab- 
lished during the previous 6 years. 


equivalent to 2.6 percent of the total U.S. gross domestic 
product (GDP). The absolute magnitude of the effort and 
the manifold tasks to which it is directed are indicative of 
the critical role that R&D plays in addressing such con- 
cerns as national defense, industrial competitiveness, 
public health, environmental quality, and social well- 
being. Indeed, the long-term importance of R&D expendi- 
tures to technological preeminence, military security, 
and knowledge growth is axiomatic. 

There is widespread agreement within both the public 
and private sectors that this national investment needs to 
be more closely monitored and evaluated. The past two 
decades bore witness to truly profound changes in the 
economic, political, and research environments in which 
science and technology (S&T) policy is determined and 
R&D activities are conducted. Coupled with substantial 
shifts in the Nation's overall inflation-adjusted R&D fund- 
ing levels (see figure 4-1), there have been vast changes 
in the organizational and institutional aspects of research 
funding. Industry, challenged by the competitive 
demands of an increasingly integrated global economy, 
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Figure 4-1 
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is going through a difficult period of restructuring and 
downsizing in which R&D activities have to compete vig- 
orously with other, more short-term, company priorities. 
The need to leverage scarce R&D funds has become 
unquestionably apparent, and industry’s effori to do so is 
indicated by impressive growth in its research partner- 
ships with federal and academic institutions as well as 
with various domestic and international competitors. 
Public policy is also in a period of rapid evolution and 
fundamental reassessment: Tension between the desire 
for new research initiatives and the need for significant 
budgetary cutbacks is evident throughout government. 
Pronouncements by both the executive branch and 
Congress have underscored the urgency of setting 
research priorities and revisiting assumptions around 
which national R&D funding decisions have long been 
guided. As budget-strapped state and federal agencies 
each struggle with the conflicting desire to do more—or 
at least better—with less, the situation has given rise to 
new forms of research coordination and institutional 
arrangements for managing funding agencies’ R&D sup- 
port. On top of this, the end of the Cold War offers an 
untold host of opportunities and challenges to the 
Nation’s S&T enterprise. Throughout the 1980s and into 
the 1990s, more than one-half of the government’s—and 
one-quarter of the Nation’s—R&D resources were devot- 
ed to deterring the massive military threat posed by the 
Soviet Union. With the fall of Soviet Comminism, a 
major task facing the Nation is to shift these resources to 
activities that not only address remaining current and 
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future defense needs, but also confront the international 
economic challenges at the forefront of domestic policy 
concerns. 


Chapter Organization 

The chapter is organized into three separate, interre- 
lated parts. The first part describes broad patterns 
among R&D-funding and -performing sectors—the 
Federal Government, industry, academia, and nonprofit 
institutions. The character of these activities—that is, 
whether they are basic research, applied research, or 
development—also is discussed. The focus of the cover- 
age is on current expenditure patterns, although trend 
material is presented on R&D activities covering the past 
15 years. In addition, national R&D spending patterns are 
analyzed (1) with reference to the distribution of these 
activities by state, and (2) in comparison with those of 

The second part considers the federal role in the 
national effort in more detail. Transfers of federal funds 
to the various R&D-performing sectors are detailed, with 
specific attention given to the funding agencies, the 
fields of research funded, and the various socioeconomic 
objectives—including defense and nondefense—support- 
ed. Patterns of U.S. Government R&D support are com- 
pared with those of its international counterparts. 
Government's defense-related R&D activities, including 
defense conversion issues, are covered in some detail. 
Other topics addressed are changes in the structure of 
federal R&D support, including ways in which federal 
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agencies provide support for academic research, and use 
of interagency cross-cutting initiatives in prioritizing fed- 
eral R&D expenditures. 

The corcluding part looks at growth of industrial R&D 
linkages. The industry-federal R&D funding relationships 
that were introduced in the first two parts of the chapter 
are further developed: Particular attention is given to 
R&D expenditure patterns within specific industries. Data 
are provided on federal incentives put in place to foster 
industry R&D growth indirectly—for example, R&D tax 
credits; also presented are a series of indicators related 
to the transfer of technologies developed in federal labs 
to the private sector. In addition, there is material docu- 
menting industry's increased reliance on multi-firm and 
multi-sector research partnerships. Topics include tiie 
growth of university-industry research centers, domestic 
research consortia, international technology agree- 
ments, and flows of R&D funds moving both into and out 
of the United States. Similar trends for other major R&D- 
performing countries are identified. 


National R&D Spending Patterns 


During the 1980s and early 1990s, important broad 
structural changes in the conduct and support of U.S. 
R&D activities have taken shape. Industry has replaced 
the Federal Government as the Nation's largest source 
of R&" support, even as industry's share of the R&D per- 
formance total has fallen considerably. State and indus- 
try funding of university research has expanded greatly 
in recogniiion of the contributions of such research to 
economic development and commercial competitive- 
ness. The focus of federal R&D funding also is shifting, 
moving away from defense and toward civilian strategic 
concerns. These changes are likely to continue—and 
even accelerate—in the foreseeable future. An under- 
standing of the present situation therefore provides a 
framework for assessing future S&T developments. In 
this section, national R&D expenditure trends and sector- 
specific R&D funding and performance patterns are 
reviewed. Broad changes in R&D spending patterns since 
the early eighties are identified, and recent estimates of 
the Nation's 1993 R&D expenditures are summarized. 
The geographic distribution of the Nation's R&D activi- 
ties is presented, and the discussion closes with a com- 
parison of the nationwide U.S. R&D effort to those of 
other major research-oriented countries. 


Aggregate Trends: From Growth to Leveling 


The Nation's R&D expenditures rose rapidly and dra- 
matically from the mid-seventies through the first half of 
the eighties, climbing from about $72 billion in 1975 (in 
constant 1987 dollars) to more than $120 billion in 1985. 
(See figure 4-1.) During this 10-vear period, U.S. R&D 
spending grew on average 5.3 percent annually, and the 
R&D/GDP ratio rose from 2.2 to 2.8 percent. Both federal 
and nonfederal sectors contributed to this R&D growth. 


¢ 91 


Initially, much of the period’s research expansion was 
directed toward solutions to energy problems; by the 
early eighties, however, the focus of the national R&D 
effort had shifted overwhelmingly toward defense-relat- 
ed—particularly development—activities. 

This period of rapid R&D growth was relatively short- 
lived. Sluggishness in the economy and its attendant 
negative impact on profits—profits out of which commer- 
cial R&i) projects are normally funded—slowed private 
investment in R&D activities.” Budgetary constraints 
imposed on virtually ali federal and state government 
programs—as well as reprioritization of such pro- 
grams—have since served to reduce R&D gains from the 
public sector as well.’ The conclusion of the Cold War, 
and the resultant restructuring and drawdown of the 
Nation's military technological base has already, and 
likely will further, affect R&D funding choices. As a result 
of these varied influences, total inflation-adjusted expen- 
ditures for R&D have been virtually flat since 1985. 
Moreover, fueled particularly by a reduction in defense 
R&D spending, they even declined in 1990 and 1991.' 
National R&D growth slowed to a 0.9-percent average 
annual constant dollar rate of increase during the eatire 
1985-93 period, and total R&D expenditures seem to have 
plateaued—at least temporarily—at about $130 billion 
(constant 1987 dollars) in 1993: The Nation’s R&D/GDP 
ratio edged downward to an estimated 2.6-percent share 
of total.” 


R&D Funders. Total funds for R&D in the United 
States ($161 billion in nominal terms) came mainly from 
two sources in 1993—industry (at an estimated 52 per- 


‘There are undoubtedly additional reasons beyond reduced sales 
and profit expectations for the recent slowing in industry's R&D effort. 
The drop in military kaD has certainly affected government spending 
and probably industry's as well. Indeed, some industry officials cite the 
decline in federal R&D contracting and “unspecified business condi- 
tions” as the major reasons for the deceleration in their Rab funding 
(SkS 1992a and Ns 1992a). Officials also note that increases in the real 
cost of capital and in the number of corporate mergers and acquisi- 
tions may have somewhat curbed kab growth rates, the latter point 
being recently confirmed in a study by Long and Ravenscraft (1993). 
Their findings, however, do not support the view that R&D cutbacks— 
on average—caused a decline in the restructured companies’ overall 
economic performance: They instead note only that Rab spending 
tens to be curtailed in companies that have undergone a leveraged 
buyout. 

A recent report from the National Academy of Sciences, National 
Academy of Engineering, and Institute of Medicine (1993) noted that 
R&D) funding above current levels is not necessarily required to meet 
current societal set goals. The report's authors, who represent some 
of the Nation's foremost scientists and engineers, observe that policy 
debates too narrowly focused on raising absolute amounts can be 
counterproductive, and that more attention should be given to choos- 
ing which science activities are supported with public funds. 

'The specific cause for a 85 billion federal ka} funding drop in 1991 
is unknown. To a large extent, the decline appears to reflect reduced 
support from the Air Force and Navy to industry performers. About 
half of the decline was, apparently, the result of a delay in R&D project 
funding, not a permanent cutback due to defense downsizing. 

For recent summaries of national RAD finding trends and shifts in 
R&D policy, see Cohen and Noll (1993), Mowery and Rosenberg 
(1993), and Reid (1993). 
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Figure 4-2. 
National R&D expenditures: 1993 
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NOTE: FFRDC = federally funded research and development center. 
See appendix tables 4-4, 4-5, 4-6, and 4-7. 


cent of total) and the Federal Government (42 percent of 
total). The remaining 6 percent came from universities 
and colleges, state and local governments, and nonprofit 
institutions.° (See figure 4-2.) The most recent estimates 
show industry support increasing 1 percent (constant 
1987 dollars) from 1992 to 1993, federal support rising 
about 2 percent, and support from other nonfederal 
sources climbing 8 percent. Overall, this equates to less 
than a 2-percent inflation-adjusted rate of increase.’ (See 
appendix table 4-3.) 

Although most of industry’s and academia’s R&D sup- 
port go to performers in their own sectors, this is not the 
case with the Federal Government. Federal R&D expen- 
ditures reached an estimated $68 billion in 1993. Of this, 


@ 46 percent funded industry and affiliated federally 
funded research and development centers (FFRDCS);* 


@ 24 percent funded federal in-house intramural R&D 
performance; 


@ 17 percent went to universities and colleges; 


@ 8 percent funded FFRDCS administered by universi- 
ties; and 


@ 5 percent was for institutions in the nonprofit sec- 
tor, including FFRDCS administered by nonprofits. 
(See text table 4-1.) 


"Current estimates for state governments’ in-house R&D are not avail- 
able. In 1988, state labs’ intramural performance reached $0.5 billion 
(SkS 1990). Thus, national R&D expenditures totaled an estimated 
$134.2 billion in 1988, rather than the $133.7 billion reported in 
appendix table 4-3. 

‘The estimates of 1993 R&D funds are from srs (1993d). Additional 
forecasts of industrial K&D expenditures are available from Battelle 
(1993) and Industrial Research Institute (1993). 

*An FFRDC is an organization exclusively or substantially financed by 
the Federal Government to meet a particuiar requirement or provide 
major facilities for research and associated training purposes. Each 
center is administered by an industrial firm, an individual university, a 
university consortia, or a nonprofit institution. 


(in) All FERDCs - 5% 
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The 1993 sectoral funding shares for the Nation differ 
somewhat from those of less than a decade earlier. The 
most notable change concerns the relative roles of the 
Federal Government and private industry. For example, 
the federal contribution to R&D funding levels was con- 
siderably higher in 1985, when it accounted for a 46-per- 
cent share of total—4 percentage points more than the 
1993 share.” In contrast, private firms have slowly in- 
creased their relative share of support for total U.S. R&D 
activities, rising from 49 percent of the 1980" total, to 51 
percent of the 1985 total, and to a current 52-percent 
share. This industrial support includes both in-house 
R&D and funding of R&D in other sectors. The share of 
R&D support from all other nonfederal sectors also has 
risen, from a 3-percent share of total in 1985 to 6 percent 
in 1993. (See appendix table 4-3 for background data.) 
Given the evolving pattern of collaborative research among 
the various performing sectors (described throughout 
this chapter), the increased diffusion in R&D funding 
sources is a trend unlikely to be reversed in the near 
future. 


R&D Performers. At an estimated $109.3 billion in 
1993, industry (exclusive of its affiliated FFRDCs) remains 
the largest performer of R&D in the United States. R&D 
performed by companies accounted for 68 percent of the 
national R&D effort.'' (See figure 4-2.) Aerospace compa- 
nies accounted for about one-fifth of industry's perfor- 
mance total; companies in the chemicals, computers, 


“Indeed, the federal portion of the U.S. R&D support total has fallen 
rather steadily since 1964, when it accounted for about a 67-percent 
share. 

“This was the first year since such statistics had been collected that 
industrial R&D funding surpassed that of the Federal Government. 

'The 10 industry-administered FFRDCs performed an estimated $2.7 
billion of R&D in 1993. They received the bulk of their funding from 
the Department of Defense and the atomic energy defense programs 
of the Department of Energy. 
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communication equipment, and motor vehicles indus- 
tries each accounted for about 10 percent. 

The second largest R&D-performing sector is the 
Nation’s universities and colleges, exclusive of universi- 
ty-administered FFRDCs; this sector accounted for 12 per- 
cent ($21 billion) of the U.S. R&D total. Federal funding 
provided for an estimated 55 percent of academic R&D 
activities in 1993; this was down from a 68-percent feder- 
al share in 1980. 

Federal in-house R&D (exclusive of all FFRDCs) accounted 
for an estimated 10 percent ($17 billion) of the Nation’s 
1993 R&D total. This federal intramural performance is 
down 2 percent (in constant dollars) from estimated 
1992 levels. 

The 1993 numbers for all industry represent a 2-per- 
cent gain. Universities’ R&D performance growth (an 
estimated 5 percent after general inflation is taken into 
account) outpaced that of all other sectors in 1993, as it 
generally has in each of the last 8 years. 

Recent changes in R&D performance patterns have 
been as pronounced as the changes in the funding struc- 
ture of R&D activities. The main beneficiary of the rela- 
tive shifts in these patterns has been the academic sec- 
tor. Industry's 68-percent share of the Nation’s 199° R&D 
performance total represents just a slight decline from 
its 69-percent share of the 1980 total, but is substantially 
less than the 72-percent performance share held as 
recently as 1985. About 26 percent of industry’s 1993 
R&D performance was financed by the Federal Govern- 
ment (see text table 4-1), mostly by the Department of 
Defense (DOD). The heavy dependence of some indus- 
tries on a declining DOD budget is one of the main rea- 


sons for the recent relative drop in this sector’s perfor- 
mance share." 

Universities and colleges increased their portion of 
the R&D performance total over the same period, rising 
from 9 percent in 1985 to their present 13-percent share. 
This growth in R&D performed on the Nation’s campuses 
benefited from steadily proliferating industry-university 
partnerships with both federal and state government 
funding." 

The R&D performance of federal intramural labs 
declined slightly from an 11-percent national share in 
1985 to 10 percent in 1993; the share for all FFRDCs was 
about 5 percent of the respective 1985 and 1993 totals. 
Consequently, R&D expenditures in all federal labs 
accounted for 16 percent of the national total in 1993, 
down from a 19-percent share in 1980 and a 17-percent 
share in 1985. 


Character of Work. Although the varying goals of 
basic and applied research and development make these 
activities conceptually distinct, this distinction has, in 
many fields, become somewhat blurred. Research can be 
directly influenced both by the quest for fundamental 
knowledge and by considerations of use—that is, some 
basic research is not driven by curiosity alone, but is 
explicitly undertaken to achieve applied goals and car- 


'“Industry-specific funding details for domestic firms are presented 
later in this chapter (“Industry-Government Interactions”). Industry 
comparisons with U.S. international competitors are summarized in 
chapter 6. 

"See “Industry-University Partnerships” and chapter 5 for other indi- 
cators of these trends. 


Text table 4—1. 
National R&D expenditures, by performing sector and source of funds: 1993 (est.) 
Sources of R&D funds 
Universities Percent 

Federal and Nonprofit distribution, 

R&D performers Total Industry Government colleges' institutions performers 
Millions of dollars 

ee eee eS ees ee ee 160,750 83,550 68,000 6,000 3,200 100.0% 
eee ee eT Tee eee ee 109,600 81,300 28,300 — — 68.2 
Industry-administered FFRDCs’?........ 2,700 — 2,700 —_ _ 1.7 
Federal Government ................ 16,600 — 16,600 — —_ 10.3 
Universities and colleges ............. 20,550 1,500 11,400 6,000 1,650 12.8 
University-administered FFRDCs*....... 5,300 —_— 5,300 — — 3.3 
Nonprofit institutions ................ 5,300 750 3,000 — 1,550 3.3 
Nonprofit-administered FFRDCs* ....... 700 — 700 — — 0.4 
Percent distribution, sources........... 100.0% 52.0% 42.3% 3.7% 2.0% 


— = unknown, but assumed to be negligible 


‘Includes an estimated $1.85 billion in state and local government funds provided to university and college performers. 


*Federally funded research and development centers (FFRDCs) conduct R&D almost exclusively for the Federal Government. Expenditures for FFRDCs are 
therefore included in federal R&D support, although some nonfederal R&D support may be included in the totals. 


See appendix table 4-3. 
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The National Science Foundation uses the following 
definitions in its resource surveys. 


Basic research: The objective of basic research is 
to gain more complete knowledge or understanding of 
the subject under study, without specific applications 
in mind. In industry, basic research is defined as 
research that advances scientific knowledge but does 
not have specific immediate commercial objectives, 
although it may be in fields of present or potential 
commercial interest. 


Applied research: Applied research is aimed at 
gaining knowledge or understanding to determine the 
means by which a specific, recognized need may be 
met. In industry, applied research includes investiga- 
tions oriented to discovering new scientific knowledge 
that has specific commercial objectives with respect to 
products, processes, or services. 


Definitions 


Development: Development is the systematic use 
of the knowledge or understanding gained from 
research directed toward the production of useful 
materials, devices, systems, or methods, including the 
design and development of prototypes and processes. 


Budget authority: Budget authority is the authori- 
ty provided by federal law to incur financial obligations 
that will result in outlays. 


Obligations: Federal obligations represent the 
amounts for orders placed, contracts awarded, ser- 
vices received, and similar transactions during a given 
period, regardless of when the funds were appropriat- 
ed or payment is required. 


Outlays: Federal outlays represent the amounts for 
checks issued and cash payments made during a given 
period, regardless of when the funds were appropriat- 
ed or obligated. 


ried out in projects that have strategic objectives. The 
S&T enterprise is replete with examples of scientific 
advance and technological innovation attained through 
the blending of basic and applied research and experi- 
mental development work or by combining the knowl- 
edge base of multiple disciplines. Ongoing research by 
Mansfield (1993), based on interviews with corporate 
executives, and Narin and Stevens (1993), using biblio- 
metric data, further confirms the close and overlapping 
importance of academic—generally basic—research to 
industry's applied technology concerns.'' Despite the 
indistinct and interrelated aspects of the traditional char- 
acter of work categories (see “Definitions”), examining 
the distribution of the Nation’s total R&D investment 
among these categories provides an indication of intend- 
ed sectoral funding priorities, as well as information oii 
changes in public and private R&D strategies.” 
Development continues to account for the lion’s share 
—59 percent—of U.S. R&D funds. An estimated 25 per- 
cent of the 1993 R&D total was for applied research: the 
remaining 16 percent was basic research. Each of the sec- 
tors funds and performs basic research, applied research, 
and development to varying degrees. Different sectors, 
however, dominate in these R&D work categories: 


''The importance of research and education activities to the long- 
term competitive strength of the Nation is pointedly noted in a recent 
special report by the National Science Board (1992a). 

Nor has this traditional taxonomy lost all of its practical relevance. 
According to Link’s preliminary survey findings (forthcoming), firms 
in the chemicals, machinery, and electric and electronic equipment 
industries report that the categories of basic research, applied 
research, and development accurately describe the scope of R&D that 
is (1) self-financed and (2) conducted throughout their industry. 


@ In 1993, industry—including FFRDCs administered 
by industrial firms—performed 86 percent and fund- 
ed 61 percent of development. The Federal Govern- 
ment funded most (38 percent) of the remainder. 


@ Industry performed 67 percent and funded 53 per- 
cent of the applied research total. Here again, the 
Federal Government funded almost all—39 per- 
cent—of the rest. 


@ The academic sector performed 62 percent of all 
basic research: Universities and colleges accounted 
for 51 percent of total, and their affiliated FFRDCs for 
11 percent. The Federal Government funded 63 per- 
cent of the Nation’s basic research total. (See figure 
4-3.) 


Since the mid-eighties, there has been a notable shift 
in relative emphasis by character of work. These 
changes are indicative of the broader shifts under way in 
the sources of R&D support and in sectoral funding prior- 
ities. As a proportion of total R&D, 


@ development has declined from 65 percent in 1985 
to its current estimate of 59 percent, 


@ applied research has risen from 22 to 25 percent, 
and 


@ basic research has climbed from 13 to an estimated 
16 percent. (See appendix tables 4-4, 4-5, 4-6, and 4-7.) 


State Distribution of R&D Spending 


Many States have pinned their hopes for economic 
development and prosperity on the growth of science- 
based high-technology industries. In doing so, they 
have adopted measures designed to broaden their R&D 
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Figure 4-3. 
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National R&D expenditures, funders, and performers, by character of work: 1993 
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NOTE: Funds for federally funded research and development 
center performers are included in their affiliated sectors. 


See appendix tables 4-5, 4-6, and 4-7. 


infrastructure: Ample evidence suggests that a critical 
base of research is one of the fundamental requirements 
for location and growth of high-tech industries in a 
region.'® Yet the current geographic distribution of R&D 
activities stems from innumerable past public and pri- 
vate sector choices made in light of multiple economic 
and scientific factors and considerations, not all of 
which are easily amenable to change. Absolute levels of 
R&D performance therefore are indicators not only of a 
state’s current capacity to support S&T-based economic 
development but also—to a certain extent—of a state’s 
near-term potential to bui!d on its S&T base. This discus- 
sion presents summary material on the geographic dis- 
tribution of the U.S. domestic R&D effort. The analysis 


6See NSB (1991), chapter 4, for a summary of several state S&T initia- 
tives in the eighties. There are no systematically compiled and pub- 
lished tabulations available on state S&T and R&D involvement other 
than the series cited in the 1991 /ndicators volume. For further discus- 
sion of states’ increasing role in supporting the Nation’s S&T enterprise 
and on the general absence of reliable data for comparative analysis, 
see Carnegie Commission (1992c). 
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covers state R&D concentration levels—in the aggregate 
and by sector—and indicators of the research intensity 
of states’ economies.'” 


Top 10 States and Sector Performance Patterns. 
Half of the $145 billion spent on R&D in the United States 
in 1991 was expended in six States—California, New 
York, Michigan, New Jersey, Massachusetts, and Penn- 
sylvania. Moreover, two-thirds of the national R&D effort 
was performed in 10 States—the preceding six together 
with Illinois, Ohio, Maryland, and Texas. In California 
alone, $28 billion—or 20 percent of all U.S. R&D expendi- 
tures—were spent; expenditures ranged between $5 and 
$11 billion in each of the other nine leading States. (See 
appendix table 4-8.) In contrast, the smallest 30 States 
collectively accounted for roughly $20 billion (or less 


This section presents information on where R&D is performed by 
industry, academia, and federal agencies, and the federally funded R&D 
activities of institutions that are part of the nonprofit sector. Consistent 
data on the state distribution of nonfederal R&D expenditures used by 
nonprofit institutions are not compiled. 
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than 15 percent) of the R&D conducted nationwide in 
1991. 

Not coincidentally, most of the States that are national 
leaders in total R&D performance also rank among the 
leading sites of industrial and academic R&D perfor- 
mance. (See appendix table 4-8.) Of the 10 States that led 
in total R&D, 


@ all but Maryland ranked among the top 10 industrial 
performers, its position being held by Washington 
State; 


all but New Jersey ranked among the top 10 aca- 
demic performers, its position being held by North 
Carolina. 


This geographic concentration is not new. For exam- 
ple, the 10 States with the highest R&D performance 
totals in 1991 were also the top 10 R&D performers in 
1975, although their exact ranking has shifted somewhat 
over time. Between 1975 and 1991, Texas experienced 
the greatest growth in R&D performance—a growth 
undoubtedly stemming in part from the State’s success 
in attracting such high-profile research undertakings as 
Sematech (a consortium to develop manufacturing tech- 
nologies), the Microelectronics and Computer Tech- 
nology Corporation consortium, and the Department of 
Energy’s Superconducting Super Collider. Meanwhile, 
the largest decline in R&D performance share was report- 
ed for New York, which accounted for 8.1 percent of the 
U.S. total in 1975, and 7.1 percent by 1991; however, the 
increase in actual dollars spent on in-state R&D activities 
was greater in New York than in any other State except 


Text table 4-2. 
Share of U.S. R&D, by state in which the R&D is 


performed 


Percent 
DA +eenbecesseees 18.6 20.7 19.5 
ee 8.1 7.8 7.1 
TTT TTT Te 6.1 5.9 6.1 
New Jersey ............. 5.0 6.3 6.0 
Massachusetts........... 4.9 5.6 5.9 
Pennsyivania............ 5.5 4.0 5.2 
RTT TeTerere 3.0 4.1 46 
EST Tee eT Tee ee 4.0 3.9 4.4 
eT Tere eee ee 4.4 3.4 4.1 
De kevkeeesaneees 4.7 46 4.0 
DE +¢6¢e¢sceneeesas 35.7 33.7 4 


“All other” includes R&D performed in the 40 states not listed and in 
the District of Columbia, and R&D that could not be allocated to a spe- 
Cific location. Individual states included in “all other’ generally account 
for shares of 2 percent or less. 


SOURCES: Science Resources Studies Division (SRS), National 
Science Foundation, Geographic Patterns: R&D in the United States, 
NSF 89-317. (Washington, DC: NSF, 1989); and SRS, unpublished 
tabulations. 
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California. (See text table 4-2 and SRS 1989.) The R&D 
performance shares of two other top 10 States—Ohio 
and Pennsylvania—first dipped down, and then in- 
creased, during the 1975-91 period. In this context, it is 
worth noting that both States adopted in the early 1980s, 
what are now nationally renowned S&T programs—the 
Thomas Edison Program in Ohio and the Ben Franklin 
Partnership Program in Pennsylvania. Both programs 
were originally founded specifically to stimulate research 
and innovative activity. 

According to data recently compiled for the Carnegie 
Commission on Science, Technology, and Government 
(1992c), Pennsylvania budgeted more for its technology 
programs ($32 million in fiscal year 1991) than did any 
other State. Appropriations for Ohio’s technology pro- 
grams were also substantial in 1991 ($19 million), but 
were slated to suffer severe budget cuts—about 50 per- 
cent—by fiscal year 1993. Estimated 1993 state technolo- 
gy appropriations in Texas were, at $30 million, the 
largest among all reporting States. In general, the report 
concludes that state S&T programs have weathered reces- 
sion-driven budget cuts rather well, especially given the 
fiscal difficulties facing most States in recent years. 
Overall, the relative stability in research distribution dur- 
ing the last decade and a half indicates that leading R&D 
centers are not easily overtaken—especially if there is a 
concerted effort to fortify an already strong S&T base. 


R&D Intensity of State Economies. Just as the ratio 
of R&D expenditures to GDP is used to gauge a country’s 
commitment to R&D and measure the change in this 
commitment over time, the ratio of in-state R&D perfor- 
mance to gross state product (GSP) can be used to measure 
the research intensity of a state’s economic activity.'* 
Moreover, indicators that normalize for size of states’ 
economies tend to facilitate more meaningful compar- 
isons between states. For the United States, the R&D/ 
GDP ratio was about 2.6 percent in 1991. Ten States and 
the District of Columbia obtained R&D/GSP ratios above 
this national average. Interestingly, these were not the 
same 10 States that accounted for the largest percentage 
shares of the U.S. R&D effort. (See figure 4-4.) 

The largest R&D/GSP ratios were achieved in New 
Mexico (9 percent) and Delaware (about 6 percent). The 
high research intensity of New Mexico’s economy 
stemmed primarily from the considerable federal sup- 
port provided to the several FFRDCs located in the State. 
Delaware's high R&D/GSP ratio resulted from compara- 
tively large in-State research efforts of the chemicals 
industry. On the other hand, California and New York 


“The Bureau of Economic Analysis has prepared Gsp data through 
1989 and is in the process of updating the data through 1991. Gsp data 
used here were estimated based on annual state changes in employee 
compensation and proprietors’ income. See Renshaw, Trott, and 
Friedenberg (1988) for a discussion of those components of economic 
activity that comprise the GsP totals. 
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Figure 4-4. 
R&D performance by state and ratio of 
R&D/gross state product: 1991 
Billions of dollars (logarithmic scale) 
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NOTE: R&D data for some states are unavailable or estimated. 
See appendix table 4-9. Science & Engineering Indicators — 1993 


led the Nation in absolute dollars of total R&D perfor- 
mance, but ranked no higher than 8th and 15th, respec- 
tively, in terms of their economies’ R&D intensity—3.7 
percent and 2.2 percent, respectively. There were rough- 
ly 15 States in which total R&D activity was less than $0.5 
billion in 1991 and the resultant R&D/GSP ratio was under 
1 percent. 


International Comparisons’ 


Absolute levels of R&D expenditures are indicators of 
the breadth and scope of a nation’s S&T activities. The 


The R&D data presented here for the major industrialized countries 
are obtained from reports to the Organisation for Economic Co-opera- 
tion and Development (OECD), which is the most reliable source of 
such international comparisons. The United Nations Educational, 
Scientific, and Cultural Organization (UNESCO) reports the few esti- 
mates for developing countries derived from systematic R&D data col- 
lection. There is a fairly high degree of consistency in the R&D data 
reported by OECD: Differences in reporting practices between coun- 
tries are estimated to affect the R&D/GDP ratios by no more than 0.1 
percent (ISPF 1993). Data for countries reporting to UNESCO are less 
comparable, principally because of differences in national statistical 
collection capabilities and definitions. For a summary of UNESCO and 
OECD data, see SRS (1991). 
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relative strength of a particular country’s R&D effort is 
further indicated by comparison with other major indus- 
trialized countries. This section provides such compar- 
isons of international R&D spending patterns. Performer 
and source expenditure patterns are contrasted and 
trend data are reviewed. The trends show that U.s. lead- 
ership in terms of its financial investment in R&D vis-a-vis 
other countries has narrowed considerably during the 
past two decades, but that more recently there has been 
a worldwide slowing in the growth of such funds. While 
sectoral R&D performance patterns are quite similar 
across countries, national sources of support differ con- 
siderably. Nonetheless, foreign sources of R&D have 
been increasing in practically all countries. 


R&D Funding by Source and Performer. Just as 
the performance of R&D activities is heavily localized in 
the United States, the worldwide distribution of R&D per- 
formance is heavily concentrated in several industrial- 
ized nations.” Of the approximately $350 billion in R&D 
expenditures estimated for Organisation for Economic 
Co-operation and Development (OECD) countries, 90 per- 
cent is expended in just seven.*' Accounting for roughly 
43 percent of the industrial world’s R&D investment total, 
the United States continues to far outdistance the 
research investments made by all other countries. Not 
only did the United States spend more money on R&D 
activities in 1991 than did any other country, it spent 
more than the next three largest performers——Japan, 
Germany, and France—combined.* The OECD's other 
three large R&D performers were the United Kingdom, 
Italy, and Canada. (See appendix table 4-35.) 

These seven countries are fairly similar in terms of 
R&D performance by sector; their sources of national 
R&D funding vary somewhat. /ndustry was the leading 
R&D performer in each of the seven countries, with 
shares reaching 60 percent or more in the United States, 
Japan, Germany, France, and the United Kingdom.*' 
(See figure 4-6.) In Italy and Canada, industry has slight- 
ly lower shares, but still accounts for more than one-half 


“Although several developing countries have greatly expanded the 
level of national resources they devote to civilian research efforts, the 
overall financial impact of their efforts is small compared with those of 
the large industrialized countries. For example, estimated 1990 Rab 
expenditures in Singapore, Taiwan, South Korea, and India combined 
was about 10 percent of the U.S. R&D total (SRS 1993c). 

“Estimates are for 1990; see OECD (1993a). Note that these esti- 
mates are based on reported R&D investments converted to U.s. dollars 
with purchasing power parity (PPP) exchange rates. Although PPPs are 
not equivalent to R&D exchange rates per se, they better reflect differ- 
ences in countries’ laboratory costs than do market exchange rates. 
See “Purchasing Power Parities: Preferred Normalizer of International 
R&D Data.” 

“German data are for the former West Germany alone, and do not 
include R&D expenditures in the former East Germany. 

“U.S. totals are reported differently in this section than they are else- 
where in this chapter (see figure 4-2). R&D performance by FFRDCs is 
included within the administering sector, rather than in the govern- 
ment’s performance totals. Also, industrial R&D financed from abroad 
are reported separately here, rather than included in the industry fund- 
ing totals. 
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Comparisons of international statistics on R&D are 
hampered by the fact that countries’ R&D expenditures 
are denominated, obviously, in their home currencies. 
Two approaches are commonly used to normalize the 
data and facilitate aggregate R&D comparisons. The 
first method is to divide R&D by GDP, which results in 
indicators of relative effort vis-a-vis total economic 
activity. The second method is to convert all foreign- 
denominated expenditures to a single currency, which 
results in indicators of absolute effort. The first method 
is a straightforward calculation, but enables only gross 
national comparisons. The second permits finer inter- 
country comparisons, but first entails choosing an 
appropriate currency conversion series. 

Since, for all practical purposes, there are no widely 
accepted R&D-specific exchange rates, the choice is 
between market exchange rates (MERs) and purchas- 
ing power parities. These are the only series consis- 
tently compiled and available for a large number of 
countries over an extended period of time. 

At their best, MERs represent the relative value of 
currencies for goods and services that sre traded 
across borders—that is, MERs measure a currency’s 
relative international buying power. But because siz- 
able portions of most countries’ economies do not 
engage in international activity, and because major 
fluctuations in MERs greatly reduce their statistical util- 
ity,* an alternative currency conversion series— 
PpPpPs—has been developed (Ward 1985). PPPs take into 
account the cost differences across countries of buying 
a similar basket of goods and services in numerous 
expenditure categories, including nontradables: The 
PPP basket is representative of total gross domestic 
product across countries. When applied to current R&D 
expenditures of the nation’s major competitors—Japan 
and Germany—the result is the same: PPPs result in a 
lower estimate of total research spending than do 
MERs, as shown in figure 4-5 (A).** 


Purchasing Power Parities: 
Preferred Normalizer of International R&D Data 


PPPs are the preferred international standard for cal- 
culating cross-country R&D comparisons and are used, 
for example, in all official OECD R&D tabulations. 
Although there is a considerable difference in what is 
included in GDP-based PPP items and R&D expenditure 
items, the major components of R&D costs—fixed assets 
and the wages of scientists, engineers, and support per- 
sonnel—are more suitable to a domestic converter than 
to one based on foreign trade flows. Exchange rate 
movements bear little relationship to changes in the 
cost of domestically performed R&D. 

This point is clearly displayed in figure 4-5 (B) and 
(C). When annual changes in Japan’s and Germany’s 
R&D expenditures are converted to U.S. dollars with 
PPPs, they move in tandem with such funding denomi- 
nated in the home currencies. Changes in dollar- 
denominated R&D expenditures converted with market 
exchange rates exhibit wild fluctuations. MER calcula- 
tions indicate that, between 1980 and 1990, German 
and Japanese R&D expenditures each increased in four 
individual years by 30 percent or more. In actuality, 
nominal R&D growth never exceeded 30 percent in 
either country during this period, and generally was in 
the range of 10 percent per year or less. Additionally, 
MER calculations would imply that Japan’s R&D expen- 
ditures declined in 1982, as did Germany’s in 1981, 
1984, and 1989. Yet foreign-denominated R&D expendi- 
tures were positive in each of those years. The use of 
MERs here is obviously inappropriate: PPP calculations 
result in positive annual R&D expenditure changes con- 
siderably closer to the countries’ actual funding pat- 
terns. 


*MERs are also vulnerable to a number of distortions—for exam- 
ple, currency speculation, political events such as wars or boycotts, 
and official currency intervention—that have little or nothing to do 
with changes in the relative prices of internationally traded goods. 

**Japan’s R&D in 1990 totaled $66 billion based on ppPs and $90 
billion based on MERs. German R&D was $32 and $42 billion, respec- 
tively. U.S. R&D was $145 billion. 


of these countries’ performance totals. The industry R&D 
performance share grew most rapidly in Japan—rising 
from 57 percent of total in 1975 to 70 percent in 1991.7" In 
most of the seven countries, the academic sector was the 
next largest R&D performer:”’ Only in France and Italy 


‘Detailed and more extensive data can be found in sks (1991). 

“The national totals for Europe, Canada, and Japan include the 
research component of general university funds (GUF block grants) 
provided by all levels of government to the academic sector. 
Therefore, at least conceptually, the totals include both academia’s 
separately budgeted research and that undertaken as part of universi- 
ties’ departmental R&D activities. In the United States, the Federal 
Government generally does not provide research support through a 


was government's R&D performance (which included 
that in several nonprivatized industries, as well as in 
some sizable government labs) larger than that of 
academia. Government's R&D performance share was 
smallest in Japan and the United States. 


GUF equivalent, preferring instead to support specific separately bud- 
geted R&D projects. (See footnote 34.) On the other hand, a fair amount 
of state government funding probably does support departmental 
research at public universities in the United States. Data on depart- 
mental research, which is considered an integral part of instructional 
programs, generally are not maintained by universities. U.S. totals may 
thus be underestimated relative to the Reb effort reported for other 
countries. 
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Figure 4-5. 

Japanese and German R&D expenditures and 
annual changes in R&D, at market exchange 
rates and by PPPs 
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NOTES: German data are for the former West Germany only. 
MER = market exchange rate; PPP = purchasing power parity; 
DM = deutsche mark. 
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National governments and industry provide a dominant 
proportion of each country’s respective R&D funding 
totals. Shares for these sectors, however, differed sub- 
stantially from one country to the next. While govern- 
ment provided more than 40 percent of R&D funds in the 
United States, France, Italy, and Canada, it was the 
source of somewhat less funds in Germany (37 percent) 
and the United Kingdom (35 percent), and considerably 
less in Japan (19 percent). (See figure 4-6.) Industry pro- 
vided a share of R&D funds roughly comparable to the 
government contribution in all countries except Japan 
and Germany. Private firms there funded 73 and 60 per- 
cent, respectively, of the national totals. Foreign fund- 
ing—predominately from industry for R&D performed by 
industry—was an important funding source in several 
countries. (Trend data are provided in “Foreign R&D in 
the United States.”) The funding share represented by 
funds from abroad ranged from 12 percent of the United 
Kingdom's R&D total to a mere 0.1 percent of Japan’s 
total. In the United States, almost 6 percent of funds 
spent on R&D in 1990 came from majority-owned foreign 
firms investing domestically: This was up considerably 
from the 2-percent funding share provided by foreign 
firms in 1980. (See appendix table 4-37.) 


Total and Nondefense R&D/GDP Ratios. R&D expen- 
ditures as a percentage of GDP have become one of the 
most widely used indicators of a country’s commitment 
to scientific knowledge growth and technology develop- 
ment. France, Germany, Japan, the United Kingdom, and 
the United States each maintained an R&D/GDP ratio of 
between 2 and 3 percent throughout the 1980s. In 1991, 
the ratios for these countries were 2.4, 2.8, 3.0, 2.1, and 
2.6 percent, respectively.”* (In Italy and Canada, this ratio 
has changed from about 1 percent to 1.4 percent over the 
past 10 years.) For most of these countries, this measure 
of their economy’s research intensity climbed rather 
rapidly from the mid-seventies through the mid-eighties 
before settling at their peak levels. Indeed, for several 
countries—including the United States, United Kingdom, 
and Germany—the R&D/GDP ratio has drifted downward 
since the late eighties. Even in Japan, which experienced 
the most rapid and unabated R&D growth during the past 
two decades, this ratio dropped slightly in 1991, from 3.1 
percent in 1990 to 3.0 percent of total. Moreover, there 
are indications of a further R&D slowdown since then 
(Swinbanks 1993). With the exception of Germany, annu- 
al rates of R&D spending growth in all the countries since 
1985 is less than those reported for the previous 5 years. 
(See appendix tab!e 4-35.) Although cuts in defense R&D 
certainly were a contributing factor—particularly in 
the United States and United Kingdom—the main 
cause of the overall R&D spending slowdown in most of 
these industrialized countries was that industry-financed 
R&D stagnated, and in some cases even declined. 


“The 1991 R&D/GDP ratio for unified Germany was 2.6 percent. 
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Figure 4-6 


R&D expenditures, by country, source, and performer: 1991 
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NOTES: German data are for the former West Germany only. Foreign performers are included in the “industry” and “other domestic” sectors. 


See appendix tables 4-37 and 4-38. 


The above comparisons are of trends in total R&D 
spending. Yet, with the end of the Cold War and the 
recent policy focus on economic competitiveness and 
commercialization of research results, probably a more 
relevant indicator of a nation’s scientific and technologi- 
cal strength is the ratio of nondefense R&D expenditures 
to GDP. This is not to say that defense-related R&D does 
not benefit the commercial sector: There unquestionably 
have been technological spillovers from defense to the 
civilian sector. But almost as certainly, the benefits are 
less than if these same resources had been allocated 
directly to commercial R&D activities. Moreover, consid- 
erable anecdotal evidence indicates that the technologi- 
cal flow is now more commonly from commercial mar- 
kets to defense applications, rather than the reverse. 

Intercountry comparisons of R&D expenditures change 
dramatically when defense-related expenditures are 
excluded. The nondefense R&D/GDP ratio in both Japan 
(3.0 percent) and Germany (2.7 percent) considerably 
exceeded that of the United States (1.9 percent) in 1991, 
and have done so for more than two decades. (See figure 
4-7 and appendix table 4-36.) The nondefense R&D ratio 
of France matched that of the United States; those of the 
United Kingdom (1.7 percent), Canada (1.4 percent), 
and Italy (1.3 percent) were somewhat lower. 

In absolute dollar terms, the U.S. international position 
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was markedly different—and comparatively more favor- 
able—than that indicated by the nondefense R&D/GDP 
ratios. Between 1980 and 1990, growth in U.S. nonde- 
fense R&D spending was rather similar to that in other 
industrial countries, save for Japan, whose nondefense 
R&D expenditure growth was notably faster than in the 
United States. Thus, as a percentage of the U.S. nonde- 
fense R&D total, comparable Japanese spending jumped 
from 44 percent in 1980 to 62 percent in 1990. (See fig- 
ure 4-8.) Japanese nondefense R&D reached $59 billion 
(in constant 1987 dollars), compared with the $94 billion 
U.S. nondefense R&D total. Germany annually spent an 
amount equal to 28 to 30 percent of U.S. spending during 
the 10-year period, while France annually spent an 
amount equivalent to 16 to 17 percent of the U.S. nonde- 
fense R&D total. In 1989, the combined nondefense R&D 
spending in these three countries surpassed that in the 
United States; it is now higher still. 


Federal Support for R&D 


Federal support for the Nation’s scientific and techno- 
logical base is in a period of flux and re-examination. 
With the close of the Cold War and the arrival of a new 
administration, public debate has focused on how best 
to re-orient the federal effort away from traditional— 
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Figure 4-7. 
R&D as a percentage of GDP, by country 


Percent 


Total R&D/GDP 


0.0 ES ee 4 i — a i 4 i 


1970 1975 1980 19865 


Note: German data are for the former West Germany only. 
See appendix tables 4-35 and 4-36. 
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primarily defense-related—S&T concerns and toward 
more commercial technology support. Although these 
are not new concepts, defense conversion, dual-use 
technology, technology transfer, and research partner- 
ing have become an integral part of the current R&D 
nomenclature to an extent that would have been 
unimaginable 10 years earlier. Federal decisions have a 
major impact on the Nation’s military and commercial 
S&T base and on its global technological leadership. 
With the level of direct R&D federal funding now sur- 
passing $70 billion annually, the specific purposes to 
which these funds are being applied, the mechanisms 
by which they are allocated, and the effectiveness of 
the projects they support are subjects of great interest. 

This section examines the role and extent of direct 
federal R&D funding. It begins by defining aspects and 
patterns of that support—socioeconomic objectives, 
research disciplines, character of work, agency, per- 
former (including federal labs), and the recent focus on 
federal interagency initiatives. Specific R&D funding 
issues that have major defense-related relevance are 
described, including trends in DOD's R&D expenditures 
and the government-wide program in support of defense 
conversions activities. 


Federal Focus by National Objective 


The Berlin Wall came down on September 11, 1989, and 
2 years later—in December 1991—Communism in the for- 
mer Soviet Union was replaced with dawning democracy. 
With these two events, the debate surrounding 


102 ¢ Chapter 4. Research & Development: Financial Resources and Institutional Linkages 


U.S. science and technology policy in the nineties was 
irreversibly redefined. The policy focus has since begun 
to shift from military technological superiority toward 
federal initiatives designed to help recapture global com- 
mercial primacy.*’ These changes in national policy 
objectives are mirrored by changes in the functional 
focus of federal R&D support, as indicated in federal 
spending documents. 


Funding Trends. Federal R&D funding priorities shift- 
ed overwhelmingly toward defense programs in the 
1980s; these included both Department of Defense pro- 
grams and nuclear weapons research funded by the 
Department of Energy (DOE). Defense R&D spending 
peaked in 1987 at $39 billion, when it accounted for 69 
percent of the federal R&D total. The only other function 
to experience substantial inflation-adjusted R&D funding 
growth during the eighties was health, particularly the 
R&D programs of the Department of Health and Human 
Services (HHS). Funding for space, energy, and a variety 
of smaller R&D budgetary categories held constant at 
1980 levels or was reduced. Funding for general science 
research inched upward. 

In the late eighties, however, the data reflect a distinct 
de-emphasis on defense priorities and substantial growth 
in health research—much of it AlDS-related—and space 
research—primarily for Space Station Freedom.”’ 
Energy spending held fairly steady, although its empha- 
sis shifted from nuclear technologies to coal research. 


1994 Funding Patterns. The current administration 
has stated (Clinton and Gore 1993) its intent to shift the 
focus of federal R&D support back to an even military- 
civilian split by 1998. As of this writing, however, it has 
had the opportunity to submit only one budget proposal 
from which specific S&T priorities might be discerned.” 


“Of course, the United States is not the only country for which the 
end of the Cold War introduced major changes in the national SaT 
landscape. Reunification has produced a host of problems and opportu- 
nities as East and West Germanys’ S&T efforts are integrated into a sin- 
gle united German system, (Meyer-Krahmer 1992), and defense con- 
version issues are extremely important to the economic restructuring 
of the former Soviet Union (NAS 1993). 

“The Office of Management and Budget classifies all activities within 
the federal budget into 20 functional categories. There are 16 “functions” 
that contain federal R&D programs. For definitions and details, see SRS 
(1993b). The administration recently announced its intention to group 
federal R&D expenditures data into 10 mutually exclusive categories that 
will assist in policy and budget decisionmaking. The Office of Science 
and Technology Policy and Office of Management and Budget have pro- 
posed grouping R&D data by their relevance to the following national S&T 
priority concerns: manufacturing, communications and information, nat- 
ural resources and the environment, education and training, transporta- 
tion, national security, energy supply and demand, food and fiber pro- 
duction, health, and a 10th category labeled “other Rab” that would 
include R&D activities not captured in the first nine categories. 

“Funding for the Space Station rose from $22 million in 1984, the 
first year for which this program received a separate budget line item, 
to $1.75 billion in 1990. (See AAAS, annual reports.) 

“The data reported here reflect estimates for R&D programs con- 
tained in the administration's 1994 budget proposal which was submit- 
ted to Congress in April 1993 (OMB 1993). The amounts do not reflect 
congressional authorization, appropriation, deferral, and apportion- 
ment actions that were completed after these data were collected. 


Figure 4-9. 
Federal R&D funding, by budget function 
Billions of constant 1987 dollars 
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See appendix table 4-26. Science & Engineering indicators - 1993 


As shown in figure 4-9, national defense—including DOD 
and DOE funds—remains the single largest focus of the 
proposed 1994 federal R&D effort, accounting for 59 per- 
cent of total, as it did the 2 previous years. However, as 
was the case with 1993 funding, much of the DOD monies 
would be devoted to defensewide initiatives, including 
dual-use technologies (see “DOD Research, Development, 
Test, and Evaluation”). Similarly, within DOE's atomic ener- 
gy defense budget, technology transfer activities from 
weapons labs to industry is one of the few growth areas. 

The following five functions account for 91 percent of 
estimated 1994 R&D federal budget authority: 


@ national defense—59 percent, including DOD and 
DOE funds; 


@ health—15 percent, which is roughly comparable to 
the percentage of nonfederal R&D support that is 
health-related (see “Health: The Growing Focus of 
National R&D Support”); 


@ space research—9 percent; 
@ general science—4 percent; and 
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Figure 4-10. 
Federal R&D funds, by budget function: 1994 


@ energy—4 percent. (See figure 4-10.) 


Two other functional areas of federal concern each 
account for 2 percent of R&D budget authority: (1) trans- 
portation and (2) natural resources and the environment. 
Environmental research, in particular, has been identified 
as an area of specific government interest that is likely to 
receive increased funding from the present administra- 
tion."' The largest single percentage increase for 1994 
was provided in the Commerce and Housing Credit 


‘Available statistics on such funding, however, tend not to capture 
the full extent of these environmentally-related RaD activities. Based on 
the programmatic budgetary classifications used in this section, $1.8 
billion was slated for natural resources and the environment in fiscal 
year 1994. Official budget documents (OMB 1993)—not constrained by 
formal classification schemes—reported an environmental RAD invest- 
ment of more than S83 billion in 1994, which included $1.5 billion for the 
U.S. Global Change Research Program. Using a comprehensive review 
of federal expenditures, Gramp, Teich, and Nelson (1992) identified a 
$4.5 billion portfolio for environmental R&D in fiscal year 1992, encom- 
passing hundreds of programs at more than 20 agencies. The 1992 total 
is about 9 percent higher than the estimated 83.7 billion budgeted in 
1990, and excludes an estimated $0.7 billion devoted to environmental 
health ka}, and $0.6 billion equally divided between space-related envi- 
ronmental sciences and administrative /overhead costs. For further dis- 
cussion on this topic, see Carnegie Commission (1992a). 


function—jumping 75 percent over 1993—under which 
is included R&D support at the National Institute for 
Standards and Technology (NIST): The estimated $380 
million NIST total comprises both its intramural 
research program and extramural Advanced Tech- 
nology Program support for precompetitive generic 
technologies. 

The functional distribution of basic research fund- 
ing differs from that of the R&D total. In 1994, health is 
slated to receive the single largest share (40 percent) of the 
federal basic research total. General science—which here 
includes funding for the National Science Foundation 
(NSF) and for the research part of DOE’s now canceled 
Superconducting Super Collider—accounts for 20 per- 
cent of estimated federal basic research authoriza- 
tions. This proportion is down from the 24-percent 
share it received in 1980. National defense basic 
research accounts for about 9 percent of the 1994 basic 
research total—somewhat less than its 12-percent 
share in 1980. 


International Comparisons.” Countries’ relative 
shares of government R&D appropriations reflect marked 
differences in national priorities. In the United States, 59 
percent of the 1992 federal R&D investment was devoted 
to national defense, compared to 46 percent in the 
United Kingdom, 37 percent in France, 11 percent in 
Germany, 7 percent each in Italy and Canada, and 6 per- 
cent in Japan. (See figure 4-12.) The U.s. Government 
also emphasizes health-related R&D (13 percent of 
total); this emphasis was especially notable in its R&D 
support for life sciences given to academic and similar 
institutions.“ 


“Data on the socioeconomic objectives of Rab funding are rarely 
obtained by special surveys, but rather are generally extracted in some 
way from national budgets. Since these budgets already have their 
own methodology and terminology, these R&D cunding data are subject 
to comparability constraints not placed on other types of international 
R&D) data sets. Notably, although each country adheres to the same cri- 
teria for distributing their Rab by objective (as outlined in OFCD 1981), 
the actual classification may differ among countries because of differ- 
ences in the primary objective of the various funding agents. Note also 
that these data are of government R&D funds only, which account for 
widely divergent shares and absolute amounts of each country’s R&D 
total. The classification of the U.s. totals presented here are generally 
consistent with those presented previously in this chapter. 

“For detailed comparisons—by field of science—of government 
(national, state, and local) funding of (1) academic research (including 
for separately budgeted research and research supported out of gener- 
al university funds) and (2) academically related research (such as 
that of university-administered FFRDCs and the National Institutes of 
Health intramural program) in the United States, United Kingdom, 
Netherlands, France, Germany, and Japan, see Irvine, Martin, and 
Isard (1990). For further comparisons with Canada and Australia, see 
Martin and Irvine (1992). 

Indicators for 1987 show, for example, that all of these countries 
emphasized the life sciences in this government-supported research 
(31 percent or more of total), with the United States devoting a particu- 
larly large share (49 percent) of its academic and related support to 
this broad field. Relative to other countries, the emphasis in Japan was 
on engineering, and in France and Germany on physical sciences. 
Relatively high priority was accorded the environmental sciences in 
the United Kingdom, and the social sciences in Canada, the 
Netherlands, and Australia. See appendix table 4-46. 
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Japanese Government R&D appropriations in 1992 
were invested r-latively heavily (51 percent of total) in 
the “advancement of knowledge” (which is combined 
support for “advancement of research” and “general uni- 
versity fund’ ,” or GUF).*' Energy-related activities 
accounted for 21 percent of governmental R&D funds, 
reflecting the country’s concern with its high depen- 
dence on foreign sources of energy. In each of the four 
European countries and Canada, industrial development 
accounted for 8 percent or more of governmental R&D 
funding; it accounted for 4 percent of the Japanese total, 
but just 0.3 percent of U.S. R&D. The latter figure—which 
may be understated relative to other countries as a result 
of compilation differences—is likely to increase given 
the intention of the current administration to provide fur- 
ther investment in commercially relevant R&D pro- 
grams—notably within Nist—that are classified under 
this socioeconomic category. 


Structure of Federal R&D Obligation Support 


Federal R&D funding patterns over the past decade 
clearly reflect changing government priorities. The fol- 
lowing sections explore these patterns and priorities by 
providing summary information on federal R&D support 
by agency sponsor, character of work, scientific field of 
inquiry, mode of support, and category of performer, 
including that undertaken in government laboratories.” 


Patterns of Federal Agency Support. Because 
most functional categories receive their R&D support 
from relatively few agencies, agency support patterns are 
similar to the distribution pattern of Government R&D 


“In the United States, “advancement of knowledge” is a budgetary 
category for research unrelated to a specific national objective. 
Furthermore, whereas general university funds are reported separate- 
ly for Japan and European countries, the United States does not have 
an equivalent GUF category: Funds to the university sector are dis- 
tributed among the objectives of the federal agen-ies that provide the 
R&D funds. 

The treatment of GUF is one of the major areas of diffice’.y in mak- 
ing international k&D comparisons. In many countries other than the 
United States, national governments support academic research pri- 
marily through large block grants that are used—at the discretion of 
each individual higher education institution—to cover administrative, 
teaching, and research costs. Only the Ral component of these gener- 
al university funds are included in national R&D statistics, but problems 
arise in identifying (1) how much the R&D) component is, (2) the fund- 
ing source (i.e., the government sector or higher education's own 
funds); and (3) the objective of the research. 

Government GUF support is in addition to that which is provided in 
the form of earmarked, directed, or project-specific grants and con- 
tracts (and thereby can be assigned to specific socioeconomic cate- 
gories). In the United States, the Federal Government (although not 
necessarily state governments) is much more directly involved in 
choosing which academic rvsearch projects are supported than in 
Europe and elsewhere. Thus, these socioeconomic data are indicative 
not only of relative international funding priorities, but also of funding 
mechanisms. For 1992, the GUF portion of total national governmental 
R&D support was between 35 and 43 percent in Japan, Italy, and 
Germany; about 20 percent in the United Kingdom and Canada; and 12 
percent in France. 

"See OTA (1991) and CBO (1991) for a review of issues related to fed- 
eral research support. 


support by functional objective. In 1994, the Federal 
Government will obligate (see “Definitions”) an estimat- 
ed $74 billion in support of R&D and related facilities. 
Although some 25 federal agencies contribute to this 
total, 95 percent of the funding is provided by just 6, as 
follows: 


@ DOD—51 percent, 
@ HHS—15 percent, 


@ National Aeronautics and Space Administration 
(NASA)—13 percent, 


@ DOE—11 percent, 
@ NSF—3 percent, and 


@ Department of Agriculture (USDA)—2 percent. 


Since 1981, DOD has provided more R&D funds annual- 
ly (for both in-house and external research) than all 
other agencies combined. (See figure 4-13.) This domi- 
nance in DOD's funding share peaked in 1986 at 64 per- 
cent of total. 

At $11 billion in 1994, the health programs of HHS— 
particularly its National Institutes of Health (NIH) which 
recently absorbed the annual $1 billion R&D functions of 
the Alcohol, Drug Abuse, and Mental Health Admini- 
stration—accounts for the second largest share of all fed- 
eral R&D funding.” HHS is also the source of roughly 40 
percent of federal basic research funds disbursed nation- 
wide, most of which are slated for research in the life sci- 
ences. (See appendix table 4-15.) Between 1986 and 
1994, total R&D obligations by HHS grew $5 billion, or 46 
percent in constant dollars.” NASA’s recent R&D budget 
has also climbed significantly. Like that of HHS, it was up 
$5 billion, or 95 percent in constant dollars during the 
1986-94 period. One-fifth of NASA’s estimated 1994 R&D 
budget is planned for Space Station Freedom (sks 
1993b). 

Among the other nondefense agencies, the Depart- 
ment of Commerce and the National Science Foundation 
have also experienced relatively fast research growth 
during the past several years. Between 1990 and 1994, 
inflation-adjusted R&D obligations grew by an estimated 
49 percent for Commerce—primarily for industry-related 
applied research support—and by 26 percent for NsF, 
especially for university-performed basic research. In 
terms of their absolute funding levels, the amount of R&D 
support from these two agencies (a combined $3 billion) 
pales when compared with those of the top four federal 
funders. 


“AIDS research accounts for 51.3 billion, or 12 percent, of the 1994 
HHS RAD funding total. 

Health-related research costs, however, have risen considerable 
faster than would be indicated by the GpP implicit price deflator. When 
HHS R&D expenditures are deflated with the BRDPI (see “Health: The 
Growing Focus of National Ral) Support”), the estimated increase from 
1986 to 1994 is one-fourth less (or 34 percent) than that calculated 
using the Gop deflator. 
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Congress and the administration are paying consid- 
erable attention to issues related to the Nation's health 
care system; research is an important component of 
overall health costs. Although it would be difficult to 
distribute the national R&D total among specific cate- 
gories of national objectives, this section attempts to 
provide a perspective on federal and nonfederal R&D 
trends for health-related investments. 

The National Institutes of Health (NIH) annually pro- 
vides expenditure data on the source and performance 
of the Nation’s health R&D. These tabulations are more 
comprehensive than the Office of Management and 
Budget function data presented elsewhere, because 
NIH attempts to include 


@ health-related components ‘ all agencies’ R&D in 
these totals, irrespective of their formal budget 
function classification; 


expenditures from nonfederal government sources; 
and 


@ health R&D from private nonfederal sources—pri- 
marily industry, but also private nonprofit organi- 
zations such as the Howard Hughes Medica! 
Institute. 


According to NIH (1992), sources of nonfederal 
health R&D support grew considerably faster than did 
federal sources during the eighties. Public sector 
financing accounted for roughly two-thirds of the total 
health-related R&D in 1980; of this, about 90 percent 
was funded by the federal sector, and the rest was 
funded by state and local governments. Approximately 
one-third of the national health R&D total derived from 
private sources. (See appendix table 4-28.) Overall, 
about 13 percent of the Nation’s R&D expenditures 
were health-related: 16 percent of federal R&D was for 
health as was 10 percent of the nonfederal total. 

By 1992, government's share of the estimated $28 
billion spent on health R&D had fallen to less than half: 
Only 41 percent of total health R&D support came from 
the Federal Government—mostly NIH—and 6 percent 
from the states and localities. This decline in the feder- 
al share was in spite of a 24-percent increase in the con- 
stant dollar support Jevel over the same 12-year 
period.* Private sector support, led by the R&D invest- 
ments of drug and biotechnology companies, grew by 


Health: The Growing Focus of National RaD Support 


Figure 4-11. 
Funding of health R&D as a percentage of 
total R&D, by source 


almost 170 percent between 1980 and 1992. As a result 
of these growth trends, a remarkable 18 percent of the 
national R&D investment was related to health in 1992; 


comparable percentage shares of federal and nonfed- 
eral funding totals were devoted to such purposes. 


(See figure 4-11.) 


*Constant dollar estimates are based on the Bureau of Economic 
Analysis/NIH biomedical research and development price index 
(BRDP!). Since the BRDP! is designed to reflect price movements in 
biomedical R&D, it measures real changes in health RaD expendi- 
tures better than does the broader GpP deflator (Schuttinga 1993). 
Between 1980 and 1990, there was a 69-percent increase in the GpP 
deflator. (See appendix tables 4-1 and 4-28.) During this same peri- 
od, health-related research costs—as measured by the BRDPi—rose 
by 98 percent. Jankowski (1993) estimates that of the 12 industries 
for which an R&D price index was calculated, the chemicals industry 
(which includes drugs and medicines) experienced the most rapid 
increase in R&D costs during the eighties. 


DOD emphasizes programs in their development stage: 
Relatively litthe DoD funding is provided for basic or 
applied research. Aggregate funding by all other federal 
agencies is more evenly distributed among the three 
R&D categories (about 30 percent of total for each) and 
R&D plant projects (10 percent of total). (See figure 4-14.) 


R&D Agency-Performer Patterns. Over the years, 
one or two federal funding agencies have come to pro- 
vide the bulk of R&D support to each of the different 
types of R&D performers. For example, federal R&D 
obligations to FFRDCs are dominated by funding from 
DOE and DOD, and the largest shares of R&D funds for 
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Figure 4-12. 


Government R&D support, by country and socioeconomic objective: 1992 


United 2 Japan 
States 


Germany France 


United Italy Canada 
Kingdom 


NOTES: German data are for the former West Germany only. Detail do not add to 100% because funding for some objectives (for example, advancement 
of knowledge) is not graphed. R&D is classified according to its primary government objective, although it may support any number of complementary 
gcais. For example, defense R&D with commercial spin-offs is classified as supporting defense, not industrial development. 


See appendix table 4-39. 


academic and other nonprofit performers originate in 
HHS. (See text table 4-3.) Similarly, DOD, NASA, and DOE 
sponsor applied research within industrial firms and 
FFRDCs administered by either universities, industry, or 
nonprofit institutions. In contrast, nonprofit institutes 
and the research hospitals of the academic sector 
receive the bulk of their applied research and develop- 
ment funds from NIH. 

The largest recipient of basic research funds (in terms 
of estimated 1993 total agency obligations) is universi- 
ties and colleges; this sector is primarily funded by HHS 
(50 percent) and NSF (24 percent). DOE, as in its support 
of applied research and development, is the largest 
provider of basic research funds to FFRDCs under con- 
tract with universities. Federal obligations for basic 
research in private firms are concentrated (56 percent) 
in NASA’s research budget. Federal in-house work on 
basic research programs is distributed among at least 
six major agencies, with the largest portions conducted 
by NIH and NASA laboratories. Smaller portions are per- 
formed by the Department of the Interior’s Geological 
Survey and USDA’s Agricultural Research Service. (See 
appendix table 4-13 and “Patterns of Federal Lab R&D 
Performance.”) 


Trends in Character of Work Funding. While there 
are distinct and stable patterns in agency-performer R&D 
funding trends, notable shifts of relative growth and 
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decline are apparent in the federal character of work R&D 
funding data. As a share of the R&D total, development 
obligations grew from 61 percent in 1980 to 68 percent in 
1987—or 40 percent in constant 1987 dollars—mainly 
because of growth in defense-related R&D, which is 90 
percent development. Since then, the development share 
has settled back to 61 percent of total, and inflation- 
adjusted obligations have declined by 9 percent. (See 
appendix table 4-10.) 

Applied research fell from 23 percent of total in 1980 
to 16 percent in the late eighties; this decline reflected 
the administration’s policy that private industry can 
respond to nongovernmental market needs better than 
can the Federal Government in making civilian applied 
R&D investment decisions. More recently, applied (most- 
ly nondefense) research has climbed back to a 20-per- 
cent share. 

Throughout the 1980-93 period, federal basic research 
support has edged upward, from about 15 percent of R&D 
total in the early eighties to about 20 percent of total in 
the early nineties. This strong and sustained growth 
exemplifies the widespread governmental view of basic 
research as essential to the Nation's scientific, techno- 
logical, aid socioeconomic future. 


Fields of Science and Engineering Research. 
Among fields receiving federal research support, life sci- 
ences garner the largest share of both basic and applied 
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Figure 4-13. 
Federal R&D obligations, by selected agency 
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See appendix table 4-10. 


research obligations. Funding for the life sciences domi- 
nates basic research totals and has grown steadily since 
the early eighties. (See figure 4-15. Appendix table 4-46 
and footnote 33 provide related international comparison 
data.) In 1980, the life sciences—including the biologi- 
cal, medical, and agricultural subfields—accounted for 
31 percent of all federal basic research support. By 1993, 
they accounted for 46 percent ($6.6 billion) of the federal 
total ($14.2 billion). This growth—especially in the bio- 
logical sciences—reflects the mission interests of NIH, 
the major funding agency for life sciences. DOE provides 
most funding for basic research in the physical sciences, 
which also has experienced steady growth over the past 
decade and now accounts for a 23-percent ($3.2 billion) 
basic research share. 

The total amounts obligated for applied research in fed- 
eral agency 1993 budgets were slightly below—3 per- 
cent—those estimated for basic research; these propor- 
tions have remained fairly stable since 1987. (See 
appendix tables 4-15 and 4-16.) Life sciences again 
received the largest applied research funding support, 
just surpassing engineering in terms of percentage share: 
34 percent versus 33 percent, respectively, in 1993. 
Applied research funding for engineering—led by NASA’s 
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support for aeronautical engineering—has risen rapidly 
since 1990. Applied research funding for the physical sci- 
ences also gained ground in the early nineties, reversing 
7 years of inflation-adjusted decline. (See figure 4-15.) 


Academic Research Funding.** The combined fed- 
eral basic and applied research investment reached an 
estimated $28 billion in fiscal year 1993. A large fraction 
of it—37 percent, including one-half of the basic research 
total and one-fourth of the applied research total—was 
carried out in the Nation’s universities and colleges. This 
funding has been broadly justified in terms of its contri- 
bution to the 


# mission interests of federal agencies (for example, 
defense and health); 


# economic and commercial prosperity of the Nation; 


¢ education and training of future scientists and engi- 
neers; and 


¢ pursuit of knowledge for its own sake. 


The structure of this $28 billion in federal research 
support is quite complex. Support is spiead across many 
performers and a variety of disciplines, is directed 
toward various funding purposes, and is disbursed 
through diverse funding mechanisms. Data for address- 
ing some of these complexities have long been collected 
(and covered in /ndicators); to aidress some of the other 
structural aspects for which data have not been system- 
atically collected, a special survey (OSTP 1992) was 
recently undertaken. This survey reviewed academic 
research funding during the eighties from six major civil- 
ian agencies; it found several distinctive patterns in the 
structure of this support.” 

Between 1980 and 1989, federal funding—in constant 
dollars—has increased for all modes of support (individu- 
al investigator, research team, research center, major 
facility), but at different rates for each. The share of 
research funds going to individual investigators declined 
from 56 to 51 percent over the decade (see figure 4-16); 
in contrast, increases in shares were evident for research 
teams and major facilities. Changes differed across agen- 
cies and disciplines. For example, NIH provided 
increased funding for interdisciplinary research, with the 
result of stimulating awards to research teams. And, 
while the percentage of NSF research funding for centers 


“See chapter 5 for more detailed information on federal academic 
research expenditures, including that in support of universities indi- 
rect costs. 

“The six agencies studied were USDA, DOE, NASA, NSF, NIH, and the 
Environmental Protection Agency. DOD also participated in the study, 
but was unable to provide the specialized data requests for years other 
than 1989. The six civilian agencies accounted for more than 95 per- 
cent of the academic research funded by non-DOD agencies. The report 
also contains considerable funding detail on research at federal labora- 
tories—including both intramural labs operated by agencies them- 
selves and FFRDCs operated by outside contractors. 
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Figure 4-14. 


Federal obligations, by agency and type of activity: 1994 
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See appendix table 4-10. 


rose from 3 percent in 1980 to 8 percent in 1989, trends 
in other agencies’ mode of support was quite the oppo- 
site. Centers’ share of the other five civilian agencies’ 
combined academic research total fell slightly, from 16 
to 14 percent. 

In terms of funding purpose, shares for thematic 
research—the category that receives the bulk of federal 
academic support—declined slightly, dropping from 57 
percent in 1980 to 56 percent in 1989. Meanwhile, the 
funding share for instrumentation increased from 1 per- 
cent of total in 1980 to 3 percent in 1989. The funding 
shares for disciplinary support and developing human 
resources remained level at 33 and 8 percent, respective- 
ly, of total. 

In short, the report found that while there were defi- 
nite changes in the structure of federal research during 
the eighties, these changes may not have been as dra- 
matic as some had thought. On the other hand, the 
report’s data extend only to 1989. In light of recent shifts 
in federal policy—for example, the increasing emphasis 
on thematic research in federal agency research budgets 
discussed in “Cross-Cutting R&D Initiatives,” below— 
some of the trends identified for the eighties may be dif- 
ferent in the nineties. 


Cross-Cutting R&D Initiatives 


Several years ago, the Federal Government chose to 
revitalize government-wide participation in S&T activities 
through the Federal Coordinating Council for Science, 
Engineering, and Technology (FCCSET). Chaired by the 
Director of the Office of Science and Technology Policy 


R&D plant 
NASA - 13% Devel 
Applied research 
DOE - 11% 
Basic research 
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and with membership comprising the heads of almost all 
federal research-funding agencies, FCCSET is a mecha- 
nism through which the administration plans, budgets 
for, and coordinates research programs that are not lim- 
ited by boundaries of agencies or disciplines (that is, 
“cross-cutting” programs). The FCCSET cross-cuts may 
well represent a major component of a shifting science 
policy paradigm (Brown 1992). 

The Clinton administration, stating its intention to 
strengthen the FCCSET process, included funding for six 
presidential initiatives in its initial 1994 budget proposal. 
Identified as integral parts of an overall strategy to use 
science and technology to achieve national goals, com- 
bined funding for the six interagency initiatives equaled 
$12.5 billion—the equivalent of about one-sixth of esti- 
mated 1994 federal R&D support (OSTP 1993). The six 
cross-cuts are 


e biotechnology research, funded at $4.3 billion; 

@ advanced materials and processing, at $2.1 billion; 
@ global environmental change research, at $1.5 billion; 
@ advanced manufacturing technology, at $1.4 billion; 


@ high-performance computing and communications, 
at $1.0 billion; and 


“Precise comparison of the FCCSET initiatives and the federal R&D 
total is difficult because (1) definitions for the two sets of data are not 
necessarily identical, and (2) some double counting may occur for 
closely related activities that are present in more than one initiative. 
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Text table 4—3. 
Estimated federal R&D obligations, by agency and performer: FY 1993 
Performer total 
federal Primary Secondary 
Performer obligations funding source funding source 
—Millions of dollars— —Percent— —Percent— 
EE ee 69,754 DOD 52 HHS 16 
Federal intramural laboratories ........ 16,643 DOD 50 NASA 16 
ih ie oo 5 a atin i 31,203 DOD 79 NASA 14 
industry-administered FFRDCs........ 2,142 DOE 82 DOD 15 
Universities and colleges ............ 11,764 HHS 53 NSF 16 
University-administered FFRDCs....... 3,703 DOE 59 NASA 20 
Other nonprofit institutions ........... 2,957 HHS 58 DOD 9 
Nonprofit-administered FFRDCs ....... 721 DOD 62 DOE 30 
Basic research.................... 14,184 HHS 41 NSF 15 
Federal intramural laboratories ........ 2,893 HHS 38 NASA 21 
Ce 1,104 NASA 56 HHS 19 
Industry-administered FFRDCs........ 227 DOE 95 HHS 5 
Universities and colleges ............ 7,070 HHS 50 NSF 24 
University-administered FFRDCs....... 1,468 DOE 66 NASA 23 
Other nonprofit institutions ........... 1,228 HHS 71 NSF 11 
Nonprofit-administered FFRDCs ....... 79 DOE 86 DOD 11 
Applied research.................. 13,715 HHS 25 DOD 25 
Federal intramural laboratories ........ 4,948 DOD 28 NASA 18 
Se 2,955 DOD 47 NASA 29 
Industry-administered FFRDCs........ 451 DOE 83 DOD 5 
Universities and colleges ............ 3,183 HHS 58 DOD 14 
University-administered FFRDCs....... 916 DOE 75 NASA 16 
Other nonprofit institutions ........... 976 HHS 54 AID 24 
Nonprofit-administered FFRDCs ....... 101 DOE 61 HHS 14 
A ak ee 908.0 6 6 41,855 DOD 76 NASA 11 
Federal intramural laboratories ........ 8,802 DOD 74 NASA 13 
industrial firms.................... 27,144 DOD 85 NASA 10 
Industry-administered FFRDCs........ 1,464 DOE 80 DOD 20 
Universities and colleges ............ 1,511 HHS 60 DOD 28 
University-administered FFRDCs....... 1,318 DOE 42 DOD 37 
Other nonprofit institutions ........... 753 HHS 43 DOD 28 
Nonprofit-administered FFRDCs ....... 541 DOD 81 DOE 16 
AID = Agency for international Development 
DOD = Department of Defense 
DOE = Department of Energy 
FFRDC = federally funded research and development center 
HHS = Department of Health and Human Services 
NASA _ = National Aeronautics and Space Administration 
NSF = National Science Foundation 
See appendix table 4—11. Science & Engineering Indicators - 1993 


@ science, mathematics, engineering, and technology 
education, at $2.3 billion, although this FCCSET ini- 
tiative is not directly included in an R&D budget." 


Multiple agency funding is a hallmark of the cross- 
cuts; for most initiatives, however, one or two agencies 


‘IPresident Clinton announced in August 1993 his intention to modi- 
fy support for these six FCCSET initiatives. The biotechnology initiative 
is to be eliminated; the advanced materials and processing and 
advanced manufacturing technology initiatives are to be combined. In 
November 1993, the president established a new cabinet-level National 
Science and Technology Council to replace FCCSET, the National Space 
Council, and the National Critical Materials Council. 


provide the bulk of the monies. (See figure 4-17.) For 
example, the largest initiative is for biotechnology for 
which more than three-quarters of its budget is con- 
trolled by NIH whose interests lie primarily in health- 
related programs. Almost 70 percent of global change 
research monies come from NASA and includes funding 
for its Earth Observing System program which is designed 
to address issues such as the greenhouse effect, ozone 
depletion, and deforestation. DOD is the primary or sec- 
ondary funding agency for four of the initiatives in 1994: 
Only in the biotechnology and global change cross-cuts 
does DOD not play a major funding role. 
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The role of federal lab activity in the Nation’s S&T 
enterprise has attracted considerable attention of late, 
especially in the context of debates on making federal 
labs’ R&D programs more commercially relevant. (See 
“Technology Transfer and Commercialization.”) Out of 
a total federal $70 billion R&D investment in 1993, labo- 
ratories owned or principally funded by the Federal 
Government received one-third ($23.2 billion). 
Intramural laboratories owned by the government and 
operated by agency personnel (government-owned, 
government-operated) accounted for 72 percent ($16.6 
billion) of the federal lab total; FFRDCs (including both 
government-owned, contractor-operated labs, and labs 
owned by nongovernment organizations but which do 
virtually all of their work for government) accounted 
for 28 percent ($6.6 billion). (See text table 4-4.) 

Three agencies account for almost 80 percent of the 
1993 intramural lab effort: DOD labs performed half of 
this federal total;** about 15 percent each was under- 
taken in NASA and HHS (primarily NIH) labs. Three 
agencies also account for most (95 percent) FFRDC 
support. DOD and DOE provide most of the funding for 
FFRDCs administered by firms and nonprofit organiza- 
tions: These two agencies, along with NASA, provide 
most of the university-administered FFRDC R&D funds. 
This high concentration in the federal labs R&D effort 
has been maintained over time. (For longitudinal data 
on intramural R&D, see appendix table 4-13; on FFRDCs, 
see appendix table 4-14.) 

About half the money going to all federal labs is for 
nondefense programs. Nondefense lab performance 
includes funding for several agencies with a long 
track record in cooperating with private industry. For 
example, NASA devotes about 10 percent of its R&D to 
aeronautics research (SRS 1993b), which by statute is 
closely aligned to the interests of the commercial air- 
craft industry. Approximately 40 percent of the NIH 


Patterns in Federal Lab R&D Performance* 


research budget is applied and supports programs of 
interest to the pharmaceutical and biotechnology 
industries (OTA 1993). Moreover—as is borne out by 
technology transfer metrics (see “Technology 
Transfer and Commercialization”)—USDA labs have 
long undertaken research programs of interest to pri- 
vate agriculture, and the central mission of the grow- 
ing NIST labs’ budgets is to serve industry needs. 

The remaining half of the federal total is for defense 
labs, including much of the R&D in DOE’s national 
weapons laboratories—Sandia, Lawrence Livermore, 
and Los Alamos. It is these labs that are facing the 
challenge to find alternative activities in light of 
expected reductions in defense R&D support. Up until 
recently, DOD and DOE labs have focused R&D efforts 
on their defense missions. Little attention was given to 
technology transfer activities. However, with no new 
nuclear weapons now planned and with the defense 
drawdown continuing, defense labs have turned 
increasingly toward nondefense research subjects 
including environmental technologies and the develop- 
ment of new products for industry. Indeed, technology 
transfer is now identified as a core mission activity of 
the Department of Energy. Systematically compiled 
data on defense/nondefense resources allocations, 
however, are not easily obtained. 


*Comprehensive coverage of issues related to federal laborato- 
ries—particularly to DOE’s multi-program nuclear weapons laborato- 
ries—in the post-Cold War environment may be found in OTA 
(1993), in which ideas for this section originated. See also Davey 
(1992) for information on DOD FFRDCS, and Sanders (1993) for a con- 
cise historical perspective on current FFRDC issues. 

**There is some confusion as to the actual level of DOD's intramural 
R&D effort. The NSF numbers reported here are defined to include 
only funds for in-house activities, yet OTA (1993) reports that over half 
of this money is passed through to outside defense contractors. The 
basis for this conclusien is DOD (undated) self-reports, stating that 
only $4.0 billion of total $8.5 billion laboratory research, development, 
test, and evaluation program funds are used for in-house activities. 


FCCSET’s impact on the budget process may extend 
beyond the numbers just presented. In light of cross- 
cuts’ new-found importance in framing R&D budget pro- 
posals, agencies commonly have rushed to highlight cur- 
rent research budgets and proposed increases in terms 
of their relevance to FCCSET activities. Many of these pro- 
grams undoubtedly would be undertaken even without 
the FCCSET coordinating mechanism. 


Defense-Related Issues 


The magnitude and importance of defense R&D in 
the Nation’s S&T enterprise is currently being trans- 
formed. Specifically, the recent changes in U.S. interna- 
tional security concerns have resulted in a pressing 
need to reduce or redirect the massive R&D investment 


Sinead 


in financial, human, and capital resources devoted to 
the defense industry for the past 40 years. This section 
discusses significant shifts in the funding components 
that comprise the DOD R&D budget, and summarizes 
the recently established federal technology conversion 
program." 


DOD Research, Development, Test, and Evalu- 
ation. There have been substantial changes in U.S. mili- 
tary strategy during the past several years: The focus 
has shifted from threat of global conflict with a known 
superpower adversary to greater concern with regional 


“For an indepth discussion of the role of defense in the changing 
S&T environment, see Alic et al. 1992. 
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Text table 4—-4. 
Estimated federal R&D obligations, by selected agency and government laboratory: FY 1993 
Total Federal 
Agency R&D labs' Intramural FFRDCs 
Millions of dollars 
Total, allagencies......................004.. 69,754 23,209 16,643 6,566 
Department of Agriculture ...................... 1,337 899 899 , 
Agricultural Research Service.................. 654 625 625 0 
es cece edad ereserecees 177 161 161 0 
Department of Commerce ...................... 622 477 477 ° 
National institute of Standards & Technology. ...... 231 159 159 0 
National Oceanic & Atmospheric Administration... . . 379 307 307 0 
Department of Defense ........................ 36,155 9,597 8,277 1,320 
Department of the Air Force................... 12,652 1,416 1,148 268 
Department of the Army...................... 5,737 2,263 2,096 167 
Department of the Navy...................... 8,754 3,248 3,024 223 
ED, gw cere sccecssssesssese 8,397 2,337 1,690 647 
Department of Energy®.....................005. 6,731 4,745 567 4,178 
Department of Health & Human Services............ 11,143 2,443 2,361 82 
National Institutes of Health ................... 10,568 2,242 2,163 79 
Department of the Interior ...................... 541 482 482 ° 
U.S. Geological Survey ...................... 326 299 299 0 
National Aeronautics & Space Administration......... 8,629 3,397 2,646 751 
* = less than $500,000; FFRDC = Federally funded research and development center. 
‘Total for federal labs is the sum of intramural labs plus FFRDCs. 
?Roughly 40 percent of the Department of Energy's R&D support to FFRDCs is provided to its three weapons labs: Sandia, Lawrence Livermore, and Los 
SOURCE: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1991, 1992, and 
1993 (Washington, DC: NSF, 1993). 
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contingencies. The process of crafting a post-Cold War 
defense—a process that began in 1989 after the disman- 
tling of the Berlin Wall and the subsequent collapse of 
Soviet Communism—culminated in the formal elabora- 
tion of a new defense strategy released in May 1992 
(Cheney 1993). Not surprisingly, elements of this strate- 
gy have major implications for the funding of DOD’s 
research, development, test, and evaluation (RDT&E) 
activities. 

From 1980 to the present, funding for RDT&E has 
grown consistently—if not smoothly—as a percentage of 
DOD's total budget: The RDT&E component rose from 10 
percent of total in 1980 ($13 billion of the $132 billion 
DOD military outlay) to an estimated 14 percent in 1994 
(S38 billion of the $269 billion total). In 1990, RDT&E 
accounted for 13 percent ($37 billion of the $291 billion) 
of DOD's military outlays. This growth demonstrates that 
R&D funding has been a critical component of the 
defense strategy throughout the period. (See appendix 
table 4-18.) In contrast to this positive funding trend, 
growth in other DOD functions has not been so stable. 
For example, funding for procurement of weapons sys- 
tems rose considerably in the early eighties, from 22 
percent of total in 1980 to 30 percent in 1987. Since then, 
procurements—out of which R&D in addition to the RDT&E 
budget is funded (see “Independent Research and Devel- 


opment”)—have fallen both as a percentage of total (esti- 
mated at 23 percent of 1994 funds) and in absolute lev- 
els. (See appendix table 4-18.) 

Within the RDT&E budget, funding for specific mission 
categories also has received shifting preferential treat- 
ment during the past 15 years. Percentage share 
funding for DOD's strategic and tactical programs are 
almost a mirror image of one another. (See figure 4- 
18.) These trends reflect, initially, growth in the Air 
Force’s major strategic missile systems such as M-X 
and Trident II, and—subsequently—a shift in support 
toward tactical weapons for theatre warfare servicing 
each of the three military branches. Funding for DOD's 
technology base fell considerably as a share of total— 
from 17 percent in 1980 to 9 percent in 1990—even 
though the actual dollars spent for this research cate- 
gory inched up each year. Substantial growth in the 


“pob’s technology base consists of all basic and applied re- 
search expenditures (6.1 fundamental research and 6.2 exploratory 
development monies, in DOD's nomenclature). The rest is what Ns 
calls “development,” including funds for strategic and tactical pro- 
grams, as well as for the somewhat generic nonsystems “advanced 
technology development” work (6.3A in the DOD vernacular). For 
fuller coverage of these definition issues, see CRS (1986). For con- 
siderably greater detail on DOD's fiscal year 1994 budget, see DOD 
(1993). 
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advanced technology development component during 
the mid-eighties primarily reflects the funding for- 
tunes of Star Wars, the Strategic Defense Initiative’s 
crash program for the deployment of space-based 
weapons.“ 

More recently, development funding for advanced 
technologies and funding for the technology base have 
been formally incorporated into the strategic plan uncer- 
lying DOD’s Science and Technology Program.* The 
guiding principle around which the program is orga- 
nized is that technological superiority is a key element of 
deterrence in peacetime and provides a wide spectrum 
of military options in times of crisis. The new S&T pro- 
gram thus heavily emphasizes government-supported 
R&D in order to maintain the Nation’s defense technolo- 
gy base. The military departments and defense agencies 


“There is a large dip in advanced technology development funding 
for years 1993 and 1994 (figure 4-18) because several major Star Wars 
projects moved from their technology development phase to their 
strategic development phase. Note also that in early 1993 the end of 
the Strategic Defense Initiative was formalized and the name of the 
administering office reverted to its former title, the Ballistic Missile 
Defense Organization. 

“The information presented here is based on DOD reports as of mid- 
1992. These reports (DOD 1992a and 1992b) outline the tenets of an 
S&T strategy that, despite being several years in the making, is still 
under considerable scrutiny and review. Additionally, recent decisions 
by the new administration may make certain aspects of the foregoing 
discussion inaccurate or obsolete. 
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Figure 4-17. 
Federal funding for FCCSET inititatives: 1994 
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will invest almost $8 billion in fiscal year 1994 to support 
the Science and Technology Program, as follows: 


@ $1.3 billion in basic research support for 12 science 
and engineering disciplines DOD believes are not 
addressed adequately elsewhere—these are, in 
order of importance as indicated from estimated 
1993 funding levels, electronics, ocean sciences, 
mechanics, materials, physics, chemistry, computer 
sciences, mathematics, biology and medicine, cog- 
nitive and neural sciences, atmosphere and space 
sciences, and terrestrial sciences; 


@ $3.1 billion in exploratory development (applied 
research) support* for 11 key technology areas 
deemed critical to future military needs—comput- 
ers, software, sensors, communications networking, 
electronic devices, environmental effects, materials 
and processes, energy storage, propulsion and ener- 
gy conversion, design automation, and human-sys- 
tem interfaces; and 


@ $3.6 billion in advanced technology development 
support for demonstration programs” in each of 
seven “S&T thrusts”—global surveillance and com- 
munication, precision strike, air superiority and 


“Together with basic research, these funds comprise the DOD tech- 
nology base budget category. 

“One-third of these activities are funded through the Advanced 
Research Projects Agency. 
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See appendix tables 4-18 and 4-19. 
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defense, sea control and undersea superiority, 
advanced land combat, synthetic environments, and 
technology for affordability. 


The facilitation of spin-off technologies from defense 
research to the civil and commercial sectors is specifical- 
ly acknowledged as part of this S&T strategy. 
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independent Research and Development. In addi- 
tion to the federal R&D obligation support detailed above, 


DOD's Independent Research and Development (IR&D) 
Program enables industry to obtain federal funding for 
R&D conducted in anticipation of government defense 
and space needs. Because it is initiated by private con- 
tractors themselves, IR&D is distinct from R&D performed 
under contract to government agencies for specific pur- 
poses. IR&D allows contractors to recover a portion of 
their in-house R&D costs through overhead payments on 
federal contracts on the same basis as general and 
administrative expenses.* 

Until very recently, all reimbursable IR&D projects 
were to have “potential military relevance.” There has 
been some concern that the defense drawdown will 
serve to reduce the civilian R&D effort (Cohen and Noll 
1992), not only in the form of commercial spillovers from 
weapons research but—more importantly—because of 


*See NSB (1991) for a brief description—and Winston (1985) and 
Alexander, Hill, and Bodilly (1989) for more detailed accounts—of how 
reimbursement for IR&D was, at least until recently, determined. The 
exact process and criteria for determining reimbursement is, as of this 
writing, somewhat in flux. The National Defense Authorization Act for 
Fiscal Years 1992 and 1993 (P.L. 102-190) provides for the gradual 
removal of limitations on the amount DOD will reimburse contractors 
for IR&D expenditures and partially eliminates the need for advance 
agreements and technical review of IR&D programs. 


Billions of constant 1987 dollars 
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reductions in DOD procurement (see previous section), 
out of which IR&D is funded. Given the importance of 
IR&D to industry's investment in critical technologies 
identified by DOD, the issue has received congressional 
attention as well." Thus, with these concerns in mind, 
the rules for reimbursement have been eased (see foot- 
note 48) and the eligibility criteria broadened. Re- 
imbursement is now permissible for a variety of IR&D 
projects of interest to DOD including those intended to 
enhance industrial competitiveness, develop or promote 
dual-use technologies, or provide technologies for 
addressing environmental concerns.” 

In 1992, industrial firms were estimated to have 
incurred $4.8 billion in IR&D costs, of which $4.2 billion 
were deemed eligible for reimbursement. The govern- 
ment reimbursed $2.3 billion, or 48 percent of the IR&D 
total."' This figure is up from the 37-percent share (S0.9 
billion) reimbursed in 1980, at the start of the defense 
buildup. Notably, both the amounts incurred and the 
amounts reimbursed have held rather steady since 1984: 
After adjusting for inflation, however, these funds have 
declined considerably. (See figure 4-19.) As an equivalent 
proportion of combined DoD and NASA industrial R&D sup- 
port, IR&D fell from 11 percent in 1984 to 8 percent in 
1992. (See appendix table 4-22.) It remains unclear 
whether changes in the rules governing IR&D will have 
their intended effect of maintaining this industrial activity. 

A snapshot of the Nation’s total defense-related R&D 
expenditures is obtained by combining budgetary data 
from several programs. In addition to the federal defense 
funding component, a substantial amount of private funds 
supports activities with defense purposes. Federal defense 
funds comprise DOD spending from its RDT&E account and 
DOE R&D for its atomic energy defense activities. As previ- 
ously mentioned, industry funds vonsiderable IR&D that is 
only partially reimbursed by the government, but that 
nonetheless has potential military relevance. Adding 
together IR&D costs that are either reimbursed as over- 
head on defense contracts or not reimbursed increases total 
defense R&D by 10 percent for 1992. (See text table 4-5.) The 


“In fiscal year 1991, the military used $3.8 billion of its Science and 
Technology Program's $8.5 billion research total on support for DOD's 
20 critical technologies. For 1990, industry contractors reported that 
$2.0 billion in IkR&D and $0.8 billion in bid and proposal costs had been 
used to address the critical technology goals in bob's plans. Bid and 
proposal costs are those incurred in preparing, submitting, and sup- 
porting bids and proposals on potential contracts, including technical 
background work (GAO 1992a). 

“PL. 101-510. These changes also apply to reimbursement eligibility 
for industry's bid and proposal overhead costs. 

‘NASA also reimburses some [KD costs and closely follows DOD pro- 
cedures. During the 1980s, the NASA reimbursements typically ran less 
than 5 percent of those by bob. The data reported here are for only the 
100 or so major defense contractors whose accounts are audited and 
reported by the Defense Contract Audit Agency, in accordance with P.L. 
91-441. These companies account for an estimated 97 percent of all RAD. 

The fiscal year 1991 Defense Appropriations Act repealed the provi- 
sions that required collection of detailed Ra} statistics. Responding to 
congressional concerns that the information not be lost (GAO 1992c), 
the data series has—to date—been maintained, although sampling 
coverage has been reduced. 
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$44 billion estimated here for defense would be equivalent 
to 29 percent of the Nation’s R&D total. 


Defense Conversion: The Technology Reinvest- 
ment Project. National defense policies are being 
reassessed and redefined, especially as they relate to 
support of the Nation’s joint military and commercial S&T 
interests. In particular, large amounts of money are 
being earmarked to help smooth the transition of 
defense-dependent resources to commercial and civilian 
activities. This “defense conversion assistance” reached 
approximately $1.7 billion in fiscal year 1993.** Issues 
related to the development and deployment of dual-use 
technologies—those with both defense and nondefense 
applications—have prominence in defense conversion 
proposals. 

Certainly the largest and most notable of initial tech- 
nology conversion efforts is the government-wide 
Technology Reinvestment Project (TRP). Funded in 1993 
with almost $500 million taken out of the RDT&E budget 
of DOD’s Advanced Research Projects Agency, TRP is an 
extremely complex mix of nine individual programs 
whose goal is to bolster the economic competitiveness of 
defense-dependent resources and increase the availabili- 
ty of dual-use technologies for national security purpos- 
es. 

Like FCCSET, TRP is a multi-agency cooperative effort, 
which is led by ARPA and involves NASA, DOE, NSF, NIST, 
and the Department of Transportation. ARPA has primary 
responsibility for promoting technology development 
activities, and NIST is responsible for deployment activi- 
ties through its already existing Manufacturing Exten- 
sion Services. 

TRP’s nine programs span the spectrum from creation 
of technologies to their commercizilization and use; and 
from education and technology development, including 
spin-on and spin-off technologies,™ to technology deploy- 
ment, including regional outreach efforts. (See ARPA 
1993 and figure 4-20.) Each program 


“Defense conversion is defined as the process by which the people, 
skills, technology, equipment, and facilities in defense are shifted into 
alternative economic applications. (See Defense Conversion 
Commission 1992.) Conversion funding goes to programs covering a 
\.ide variety of activities from technology development, to employee 
retraining, to economic relief for communities affected by defense 
plant closings. 

“Authorizing legislation for TRP comes from title IV of the 1993 
Defense Appropriations Act, which provides for eight specific pro- 
grams plus a 1'/2-percent small business set-aside program. Funding is 
provided through ARPA’s advanced technology development budget 
even though not all activities in TRP can rightly be considered RaD. 
Hence, not only are expenditures for defense versus nondefense R&D 
activities becoming increasingly indistinguishable in formal account- 
ing documents, current funding trends may make even aggregate R&D 
estimates somewhat suspect. 

“Technology development activities are intended to include applied 
development at the precompetitive level; basic research or final prod- 
uct development proposals are not funded here. Spin-on activities are 
those that demonstrate the defense utility of existing nondefense com- 
mercially viable technologies. Spin-off activities are those that demon- 
strate nondefense commercial viability of technologies already devel 
oped for defense purposes. 
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Text table 4-5. 

National defense-related R&D support: 1992 
Bill 
— of dollars — 

Defense-related R&D investments... ..... 44.2 
Department of Defense RDT&E.......... 37.4 
Technology base................... 4.1 
Research'.......... i ie 1.1 
Exploratory development’........... 3.0 
Advanced technology development... .. . 6.2 
Strategic programs ................. 45 
Tactical programs .................. 13.5 
intelligence and communications ....... 46 
Defensewide mission support.......... 45 
Department of Energy defense R&D ...... 2.7 
Basic research .................... 0.0 
Applied research................... 0.9 
Development ..................... 1.8 
1R&D with potential military relevance ..... 42 
Reimbursed ceiling ................. 2.3 
Unreimbursed ceiling................ 1.9 


NOTES: Details may not sum to totais because of rounding. 
IR&D = independent research and development; ROT&E = research, 
development, test, and evaluation. 


‘in Department of Defense budgetary documents, “Research” is often 
referred to as 6.1 money, and “Exploratory development” as 6.2 money. 


of Defense, ema gy ho eA 


@ requires competitive awards; 


@ contains participation and organizational require- 
ments for the involvement of firms, universities, 
nonprofit organizations, and state and local govern- 
ment agencies; and 


@ requires at least 50 percent cost sharing. 


The three largest programs collectively account for 
more than one-half ($269 million) of total TRP funds. 
Rather than focus on developing new technologies, each 
of these programs is concerned partially (Regional 
Technology Alliances Assistance Program) or solely 
(Defense Dual-Use Assistance Extension Program and 
Manufacturing Extension Program) with deploying 
existing technology for near-term commercial and 
defense products and processes. 

The initial indication is that TRP has garnered cor ::der- 
able industry interest. More than 2,800 proposals were 
submitted for 1993 funding. Proposed nonfederal match- 
ing funds totaled $8.4 billion in combined cash and in-kind 
contributions. 1 ais amount represented a 16-fold oversub- 
scription to available government funds. About two-thirds 
of the proposals (75 percent of funds) dealt with develop- 
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Figure 4-20. 
R&D funding for defense conversion, by technology reinvestment program and activity emphasis: 1993 


Technology 
stages 
Technol Manufacturing extension program ($87 million) 
| 
productization 
Defense dual-use assistance extension program ($91 million) 
Technology Regional technology alliances assistance program ($91 million) 
distribution 
C teh eniitery i , hips ($42 million) 
. technology partnerships ( ) 
Defense advanced manufacturing technology partnerships ($24 million) 
a neering education ($44 million) 
Technology Manufacturing experts in the classroom ($5 million) 
oot 
> 
Spin-on Oual-use Spin-off 
promotion development transitioning 
Education Technology 
& training Technology development deployment 
Technology activity 


SOURCE: Technology Reinvestment Project, Advanced Research Projects Agency, Program information Package for Defense Technology Conversion, 


Reinvestment, and Transition Assistance (Ariington, VA: ARPA, 1993). 


ing technologies, and one-fifth of the proposals 
(in terms of both number and dollar value) focused on 
deployment. The proposals included diverse multi-insti- 
tution and multi-sector research teaming. On average, 
there were four or five participants per TRP proposal 
submitted. 


industry S&T Linkages 


The industrial sector is both the largest R&D per- 
former and the major R&D funder in the United States. 


Science & Engineering indicators - 1993 


Changes in industry’s R&D activities therefore are not 
only important in their own right, but also as a barome- 
ter of activities likely to be observed in all sectors of the 
economy. Since the mid-eighties, there has been a slow- 
ing in the growth rate of public and private support for 
industrial R&D activities. Concurrent with the funding 
slowdown—indeed, partially in response to it—the num- 
ber of cooperative research relationships among the vari- 
ous R&D-performing sectors of the economy has 
increased rapidly. Within the industrial sector, firms 
have forged a variety of domestic and international coop- 
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tors primarily as a cost-effective means of developing 
those generic technologies crucial to future sales 
growth. Companies also have established collaborative 
arrangements with laboratories outside of industry— 
including government and university labs—in an ongo- 
ing effort to develop external sources of R&D expertise, 
discover commercially viable technologies, and leverage 
scarce resources. In this section, indicators of U.S. indus- 
try’s intra- and inter-sector R&D partnerships are dis- 
cussed. The discussion closes by placing the U.S. indus- 
try R&D effort in a global context. 


industry-Government interactions 


Policies of the Federal Government influence industri- 
al R&D activities in a variety of ways. Just as often, howev- 
er, government policies are themselves a response to 
independent changes in the industrial technological 
enterprise. In this section, three components of industry- 
government S&T interplay are discussed: direct R&D sup- 
port, tax policy, and institutional arrangements for the 
conduct and sharing of R&D. The focus here is on indica- 
tors of collaboration between firms and federal laborato- 
ries. The following sections contain indicators of other 
industry R&D partnerships that government policy helps 
foster. 


Direct R&D Support, by industry. From the early 
seventies through the early eighties, the share of indus- 
trial R&D activity financed by the Federal Government 
declined rather steadily from about 40 percent of the per- 
formance total to about a 30-percent share in each year 
from 1980 to 1984.* (See figure 4-21.) This trend was 
reversed with the defense buildup of the 1980s, which 
brought increased funding for the development and 
upgrading of military technologies. This buildup caused 
the percentage gains in the federal R&D contribution to 
first keep pace with, and later slightly surpass, the pri- 
vate contribution. Since 1987, federal support to industry 
has fallen considerably—after adjusting for inflation— 
and industry’s R&D self-funding has been basically flat. 
(See “R&D Funders.”) By 1993, the Federal Government 
provided just one-fourth of the money used to fund 
industrial R&D performance; private financing accounted 
for the remaining three-quarters of industry's total R&D 
expenditures. 

Two industries received 76 percent ($19 billion) of 
total federal R&D support to the industrial sector ($25 bil- 
lion) in 1991, the most recent year for which industry- 
specific detail is available. Aircraft and missile companies 
received a combined $15 billion; firms in the communica- 
tion equipment industry were federally funded at $4 bil- 


“These figures exclude Ral) performance within the various indus- 
try-administered FFRDCs. Including the R&D performed in those labs— 
which by definition is 100-percent federally funded—the federal share 
of total industry R&aD performance is 1 to 3 percentage points higher 
each year. 
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lion.* The high concentration of the federal R&D budget 
in these two industries stems from the funding primacy 
of DOD (see text table 4-3), coupled with the develop- 
ment emphasis in defense R&D (see figure 4-14): Such 
large-scale projects are not easily spread among multiple 
firms or multiple industries. For example, only 4 percent 
($0.9 billion) of federal 1991 R&D funding to industry 
went to firms with 500 or fewer employers; 84 percent of 
such funds went to firms with more than 25,000 emp): 
ees. (Industry-specific trend data are displayea 
appendix tables 4-31 through 4-33. Industry-specific 
international comparisons are analyzed in chapter 6, 
and federal small business R&D support is summarized 
in “SBIR Program Continues to Fuel Small Business 
R&D.”) 

Industries vary considerably in their dependence 
on federal R&D funding. Not surprisingly, aircraft and 
missile companies received especially large portions 
of their R&D support from federal sources—fully 70 
percent. (See figure 4-23.) Forty percent of R&D per- 
formance in the communication equipment industry 
was federally funded, as was 28 percent of the entire 


“This support is provided largely under the aegis of Rab federal 
defense contracts. Such contracted Rab expenditures are in addition 
to IR&D overhead allowances to industry on military procurements by 
the government. See “Independent Research and Development.” 
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Small business is a significant source of innovation 
and a successful mover of R&D results into new prod- 
ucts. The Small Business Innovation Research (SBIR) 
Program was created in 1982 with the intent of 
strengthening the role of small firms in federally sup- 
ported R&D. Since that time, more than $3 billion in 
R&D support has been competitively awarded to quali- 
fied small businesses (SBA 1992b). Under this pro- 
gram, which is coordinated by the Small Business 
Ar ministration (SBA), when an agency's external R&D 
obligations (that is, those exclusive of in-house R&D 
performance) exceed $100 million, the agency must 
set aside a fixed percentage of such obligations for 
SBIR projects. This percentage was originally 1.25 per- 
cent, but under the Small Business Research and 
Development Enhancement Act of 1992, it will rise 
incrementally to 2.5 percent by 1997. 

To obtain funding, a company applies for a phase | 
SBIR grant: The proposed project must meet an agen- 
cy’s research needs and have commercial potential. If 
approved, grants of up to $50,000 are made so that the 
scientific and technical merit and feasibility of an idea 
may be evaluated. If the concept shows potential, the 
company can receive a phase II grant of up to $500,000 
to develop the idea further. In phase III, the innovation 
must be brought to market with private sector invest- 
ment and support. No SBIR funds may be used for 
phase III activities. 

Eleven federal agencies participated in the SBIR 
Program in 1991, making awards totaling $483 million, 
an amount equivalent to 0.8 percent of all government 
R&D obligations. Although three-fourths of the grants 
awarded were phase I grants, roughly 75 percent of 
total SBIR funds were disbursed through phase II 
grants. Approximately half of all sBik obligations were 
provided by DOD, mirroring this agency's share of the 
federal R&D funding total. (See appendix table 4-23.) 

By most accounts, the SBIR Program has been a suc- 
cess. To SBA’s favorable self-assessment of the pro- 
gram’s commercialization accomplishments (SBA 
1992a) is added generally positive critiques from non- 
agency reviewers. For example, the General 
Accounting Office (1992b) estimates that, through 
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mid-1991, the SBIR program haa zenerated $1.1 billion 
in sales and additional developmental funding, with $2 
billion more expected by 1993 year end. (The program 
also receives positive reviews when assessed from a 
state economic development perspective; see 
Anuskiewcz 1992.) 

SBA classifies SBIR awards into various technology 
areas. (See appendix table 4-24.) In 1991, the technolo- 
gy areas receiving the largest (value) share of phase I 
awards were iniormation processing and optical lasers; 
information processing and biotechnology were the 
leading technology areas for phase II awards. In terms 
of all SBIR awards made during the 1983-91 period, 
roughly one-fifth were computer-related and one-fifth 
involved electronics. Both of these technology areas 
received more than one-half of their support from DOD 
and NASA. One-sixth of all SBIR awards combined went 
to life science research, the bulk of such funding being 
provided by HHS. Materials-related research, which is 
funded largely by DOE and NSF, accounted for another 
sixth of total SBIR awards. (See figure 4-22.) 


Figure 4-22. 
Smal! Business innovation Research awards, 
by technology area: 1983-91 


was federally funded, as was 28 percent of the entire 
electrical equipment industry. The Federal Government 
also provided a large share of R&D funding to certain 
nonmanufacturing industries. In 1991, it supplied near- 
ly one-third of the R&D funds used by firms whose pri- 
mary activity involves R&D and testing services and 
more than one-fourth of the R&D funds used by com- 
puter-related and engineering services firms. (See 
appendix table 4-34.) 


R&D Tax Credits. |n addition to direct financial R&D 
support, the government has tried to stimulate corporate 
spending indirectly by offering tax credits on incremen- 
tal research and experimentation (R&E) expenditures.” 
The credit was first put in place in 1981 and has since 
been renewed six times—most recently, through the 


Not all kab is eligible for such credit, which is limited to expendi 
tures on laboratory or experimental Kal 


Science & Engineering indicators — 1993 


end of June 1995." Although the computations are com- 
plicated, the tax code provides for a 20-percent credit for 
the amount by which a company’s qualified R&D exceeds 
a certain threshold.’ The Tax Reform Act of 1986 
allowed companies to claim a similar credit for basic 
research grants, contributions, and contracts to universi- 
ties and other qualifying nonprofit institutions; this cred- 
it also is in effect through mid-1995. 

As part of the federal budget process, the Treasury 
Department annually calculates estimates of foregone tax 
revenue (“tax expenditures”) due to preferential tax pro- 
visions, including the R&E tax credit. As one measure of 
budgetary effect, the Treasury provides outlay-equivalent 
figures: These allow a comparison of the cost of this tax 
expenditure with that of a direct federal R&D outlay. (See 
“Definitions.”) Between 1981 and 1992, more than $20 bil- 
lion was provided to industry through this indirect means 


“Reflecting the tentative political support afforded the credit since 
its inception, it was allowed to expire on June 30, 1992. After more than 
a year in limbo, the credit was extended by the Omnibus Budget 
Reconciliation Act of 1993 for 3 years retroactive to July 1992. 

“The complex base structure for calculating qualified kab spending 
was put in place by the Omnibus Budget Reconciliation Act of 1989. 
With various ceptions, a company’s qualifying threshold is ‘-*e prod- 
uct of a fixed-base percentage multiplied by the average amount of the 
company’s gross receipts for the 4 preceding years. The fixed-base 
percentage is the ratio of R&E expenses to gross receipts for the 1984- 
88 period. Special provisions cover start-up firms. 
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of federal R&D support—an amount equivalent to about 3 
percent of direct federal R&D support. (See appendix 
table 4-25.) In general, based on data available through 
the mid-eighties, the companies that took the most 
advantage of the credit were large firms that produce sci- 
entific instruments, office and computing machinery, 
chemicals, and electrical equipment (GAO 1989). 


Technology Transfer and Commerciaiization. 
Industry representatives (Burton 1992) have sounded 
the call to open federal labs up to private enterprise for 
the benefit of the entire Nation. At the heart of this 
debate is the belief that the $20-plus billion in research 
activities undertaken by government have—if properly 
focused and directed—commercial applicability. (See 
“Patterns in Federal Lab R&D Performance.”) Federal 
concern over U.S. industrial strength and world competi- 
tiveness has thereby catalyzed efforts to transfer tech- 
nologies developed in federal laboratories to tie private 
sector. Four measures of the extent of federal technolo- 
gy commercialization efforts and federal-industry collab- 
oration are presented in this section—invention disclo- 
sures, patent applications, cooperative research and 
development agreements (CRADAs), and licenses granted. 

The term “technology transfer” can cover a wide spec- 
trum of activities, running the gamut from the informal 
exchange of ideas between visiting researchers to con- 
tractually structured research collaborations involving 
the joint use of facilities and equipment. Only 1. cently, 
however, have technology transfer activities become an 
important mission component of federal labs—although 
private sector (e.g., USDA's Agricultural Research 
Experiment Stations and NASA's civilian aeronautics pro- 
grams), and several laws passed in the early 1980s 
encouraged such sharing (notably, the 1980 Stevenson- 
Wydler Technology Innovation Act). 

One reason for this new emphasis on technology 
transfer stems from practical considerations: Industry is 


“In an early assessment of the tax’s effect on R&D spending, Cordes 
(1989) found conflicting evidence: Studies based on corporate tax 
returns and on aggregate time-series modeling indicated significant 
stimulatory effects; considerably more moderate results were indicat- 
ed from studies based on company-specific time-series analyses, indus- 
try questionnaire responses, and evidence from other countries. In 
contrast, Hall (1992)—using more recent and extensive publicly avail- 
able company-specific data on kal spending—concludes that the tax 
credit has had its intended effect, although it took several years for 
firms to fully adjust R&D spending patterns to take advantage of oppor- 
tunities provided by the credit. She estimates that the amount of addi- 
tional KAD) spending induced by the credit was twice the cost in fore- 
gone tax revenue. 

Whatever its ultimate impact on kal spending, the tax credit has 
certainly influenced spending less than had it been less subject to 
erratic legislative treatment. The tax credit has had to be repeatedly 
(almost annually) renewed, its calculation provisions have changed 
considerably over the years, and it was even allowed to lapse for more 
than a year—all of which circumstances created considerable uncer- 
tainty for businesses that would otherwise have planned to take the tax 
credit. 
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interested," federal money is available, and government 
defense labs are amenable to and available for such 
activities as an alternative to their declining defense 
work (OTA 1993). Another reason is recent legislative 
changes. Whereas the Federal Technology Transfer Act 
(FTTA) of 1986 authorized government-owned and -oper- 
ated laboratuiies to enter into CRADAs with private indus- 
try, it was not until the 1989 passage of the National 
Competitiveness Technology Transfer Act (NCTTA), that 
contractor-operated labs (including DOE’s FFRDCs) could 
also enter into CRADAs. 

According to most available indicators, federal efforts 
to facilitate private sector commercialization of federal 
technology have made considerable progress since 1987. 
(See figure 4-24.) 


@ The number of active CRADAs between federal labs 
and private industry increased ninefold, rising from 
108 in 1987 to almost 975 in 1991." NASA (at 25 per- 
cent of the total) and USDA (with 18 percent of the 
total) accounted for the largest number of CRADAs 
in 1991; DOE’s CRADA total rose from 1 in 1990 to 43 
the next year. 


@ Federal labs increased their number of invention 
disclosures™ by 60 percent, and more than doubled 
their number of patent applications between 1987 
and 1991. DOD led all other agencies in these 
efforts. 


@ The number of exclusive and nonexclusive licens- 

” ing agreements between firms and federal laborato- 

ries increased by 100 percent. DOE granted the 

$ largest number of licenses (351) to industry in the 
1987-91 period. 


"Industry's recent interest in federal lab technologies and expertise 
is documented by Roessner and Bean (1993). Between 1988 and 1992, 
there was a significant increase in both formal (cooperative, contract 
and sponsored research, technology licensing, and employee 
exchange) and informal (information dissemination, company visits to 
federal labs, seminars, and technical consultation) interactions 
between federal labs and industrial firms. And although the frequency 
of informal interaction was more extensive, cooperative research with 
federal labs apparently holds much promise among company research 
directors. More than 70 percent of them agreed with this view in 1992; 
only 35 percent of these directors had held this opinion in 1988. 
Significantly, about 40 percent of the 1992 industry respondents said 
thai their labs had interacted “rarely” or not at all with federal labs dur- 
ing the past 2 years. In 1988, that proportion was virtually identical. 
The authors note that companies with relatively extensive experience 
in working with federal labs have increased the frequency of their 
interaction—familiarity has bred collegiality. The greatest increases in 
such interactions have been in licensing and cooperative research. 

“Office of Technology Commercialization (1993b). These figures 
include NASA's cooperative R&D agreements which are authorized by 
the National Aeronautics and Space Act of 1958. Excluding the NASA 
totals, there were 731 active CRADAs in 1991. As of mid-1993, those 10 
agencies, excluding NASA, that have elected to use CRADAs had 1,500 
active or completed CRADAs (Grant Stockdale, monthly). 

“Under its Disclosure Document Program, the Patent and Trade- 
mark Office accepts and preserves for a 2-year period papers disclos- 
ing an invention, pending the filing of an application for a patent 
(Patent and Trademark Office 1989). This disclosure is accepted as 
evidence of when the invention was conceived; it does not, however, 
provide any patent protection. 


| Invention disclosures 


[] Patent applications 
iain ndtalaia «sot 
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industry-University Partnerships 


Since the late seventies, there has been a considerable 
increase in industry’s interactions with university 
researchers. By supporting academia, industry gains 
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access to both cutting-edge research and a downstream 
employment pool. For entrepreneurial university re- 
searchers, industry collaboration offers an additional 
source of funding and intellectual stimulation, access to 
state-of-the art facilities, and special educational opportu- 
nities for their students. Industry-university interactions 
have, during the past decade or so, benefited from a vari- 
ety of federal and state programs set in place explicitly to 
encourage such collaboration.™ 

Two indicators of the expanding industry-university 
network are (1) industry’s academic R&D funding sup- 
port in general and (2) the growth of university-industry 
research centers (UIRCs) in particular. 

Nationwide, industrial sources of support for academic 
R&D have grown faster than all other sources of support, 
increasing more than 300 percent in constant dollars 
from 1978 to 1993. In contrast, support from other 
sources has doubled during this 15-year period. (See 
appendix table 4-3.) There has, however, been some 
recent slowing in the vate of industrial funding growth, 
from annual average gains of 12.3 percent between 1978 
and 1986, to an estimated 7.8-percent increase per year 
since then. This deceleration in industry’s academic 
research support parallels broader trends in industrial 
R&D funding documented elsewhere (“R&D Funders”) 
As a proportion of the Nation’s total academic R&D effort, 
industry sources of support increased from 3 percent in 
1978 to an estimated 7 percent (or $1.5 billion) in 1993. 

Although research funds are distributed to academic 
investigators through various means, it would appear 
that the most used mechanism by far is via industry 
funding of university-affiliated research or technology 
centers. From a comprehensive naticnal survey, Cohen, 
Florida, and Goe (1993) estimate that the 1,000-plus 
UIRCs existing in 1990 expended $2.7 billion on R&D 
activities. This research was funded out of an estimated 
total UIRC budget of $4.3 billion; most of the remaining 
budget was spent on UIRC education and training activi- 
ties. Industry funded 31 percent of UIRCs’ total budget 
(see figure 4-25) which is a share that far exceeds indus- 
try’s overall 7-percent academic R&D funding share. 
Furthermore, the sheer number of UIRCs established in 
the 1980s—four times more than the number founded in 
the 1970s—attests to the growing importance of these 
industry-university partnerships. Other findings of the 
centers study follow. 


“See NSB (1991), chapter 4, for a brief review of the extent of state- 
initiated activities. An important component of most state technology 
development strategies is to provide funding and/or organizational 
support for linking, and thereby building on, existing in-state academic 
research and industrial technological strengths. Furthermore, over the 
past two decades, NSF initiated several programs in engineering and 
other disciplines to build research centers at universities partly to 
encourage interdisciplinary research and partly to stimulate interaction 
between academia and industry. For further information on the impact 
of government's technology policies on industry-university research 
relationships, see Government-University-Industry Research Roundtable 
(1991). 
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Figure 4-25. 
Growth in university-industry research centers, 
and source of funds 


Source of funds: 1990 


Priorto 1950-59 1960-69 1870-79 1980-89 
1950 


Year of founding 


NOTES: Data are for centers existing in 1990. Of an estimated 1,058 
centers, 458 provided funding data and 494 provided founding data. 


SOURCE: W. Cohen, R. Florida, and W.R. Goe, “University 
Research Centers in the United States: Final Report to the Ford 
Foundation (Pittsburgh: Carnegie Melion University, 1993). 
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@ Company involvement in UIRCs is widespread: The 
average number of businesses participating per cen- 
ter in 1990 was 17.3, and the median was 6. 


@ The UIRC R&D effort is divided roughly into 43 per- 
cent basic research, 41 percent applied research, 
and 16 percent development. 


@ Centers are involved in a broad range of activities, 
not all of which would be considered high-technol- 
ogy areas. Of the 502 UIRCs reporting this informa- 
tion, 42 percent undertook R&D related to the 
chemicals and pharmaceuticals industry, 35 per- 
cent reported doing R&D related to computers, 29 
percent to electronic equipment, 29 percent to 
petroleum and coal products, and 26 percent to 
software. 


@ A main reason industry support was sought by uni- 
versities was to offset what is perceived to be inade- 
quate research funding from government. Yet 72 
percent of the UIRCs were established either wholly 
or partially based on funding provided by the federal 
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or state government; of those, 83 percent indicated 
that they would not have been established in the 
absence of government funding. 


@ Among the most effective mechanisms for technol- 
ogy transfer are collaborative R&D projects and in- 
formal meetings between university and industry 
researchers. 


industry-industry Partnerships 


Although longitudinal data on multi-firm collaborative 
R&D activities are wanting, there is significant anecdotal 
evidence to indicate considerable increase in such part- 
nerships. There is also a growing body of literature that 
assesses the reasons for the increase in these partner- 
ships, their organizational structure, and their economic 
and political implications.® Most intra-industry collabora- 


"See, for example, Link and Bauer (1989) and Vonortas (1991). 


Figure 4-26. 
Growth in R&D consortia registered under the National 
Cooperative Research Act 


1985 1986 1987 1988 1989 1990 1991 1992 1993 
NOTE: Unshaded part of 1993 total estimated from filings as of June 1993 
(shaded part of bar). 


National Cooperative Research Act of 1984 (Washington, DC: DOC, 1993). 
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tions seem to be a response to the same competitive fac- 
tors affecting all industries: rising R&D costs and risks in 
product development, shortened product life cycles, 
increasing multidisciplinary complexity of technologies, 
and intense foreign competition in domestic and global 
markets.” It also would appear that most cooperative 
research is not meant to substitute for, but rather to 
complement, firms’ in-house research activities. In this 
section, several indicators on national and international 
intra-industry cooperative R&D are discussed. 


Domestic R&D Consortia. U.S. industry has benefit- 
ed from certain federal provisions enacted to create a 
more favorable environment for multi-firm cooperative 
relationships, the most notable being the National 
Cooperative Research Act (NCRA)of 1984. NCRA encour- 
ages research collaboration among industry competitors 
by better defining joint R&D ventures (JRVs) and protect- 
ing them from antitrust suits." Through June 1993, more 
than 350 filings of U.S. cooperative research ventures had 
been registered under the act (Office of Technology 
Commercialization 1993a). After an initial rush to regis- 
ter in 1985, the number of filings fell off significantly in 
the next few years. However, since 1989, the number of 
registered JRVs has grown annually, and had surpassed 
its 1985 level by 1991. (See figure 4-26.) 

Up to half the filings are for project-specific—often 
two-member—ventures, not all of which are currently 
ongoing. Many of the other JRV formal filings have been 
made by firms—or their research organizations—in 
three regulated utility industries—telecommunications, 
electric power, and gas/oil. Nonetheless, NCRA does seem 
to have encouraged growth in the number of multi-firm 
R&D consortia whose focus is generic, precompetitive 
research projects; and joint research ventures have been 
registered in industries with activities as diverse as software, 
pharmaceuticals, semiconductors, sensors, and forest 
products.™ An indeterminate number of the registered 
consortia have gained federal support, including some of 
the more well-known endeavors such as DOD's funding 
for Sematech and DOE’s participation in the Advanced 
Battery Consortium.” 


“See Douglas (1990) for a concise summary of the benefits of Rap 
collaboration, and Mowery (1989) on research collaboration between 
U.S. and foreign firms. 

“NCRA states that JRVs will not automatically be considered illegal as 
anti-competitive, but that such consortia will be judged after weighing 
potential benefits and costs. Further, NCRA limits potential liability for 
IRV behavior that ultimately is ruled anti-competitive to actual costs 
rather than treble damages as is otherwise the norm. See Link and 
Tassey (1989). 

“The full extent of domestic multi-firm research collaboration is 
unknown. In fact, one somewhat outdated estimate holds that up to 90 
percent of all U.S. industry cooperative research arrangements in 1984 
were informal partnerships (Link and Bauer 1989). 

“Unfortunately, there does not seem to be a comprehensive list on fed- 
eral participation in, and support to, the various industry R&D consortia. 
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international Strategic Technology Alliances.” 
Alongside growth in domestic collaborative R&D activi- 
ties during the 1980s and into the early 1990s, there is 
evidence of a sharp increase in transnational joint 
research funding throughout the industrialized world. 
The number of international multi-firm R&D alliances 
grew from 86 in 1973-76, to 177 in 1977-80, to 509 in 
1981-84, to 988 in 1985-88 (Hagedoorn 1990). 

As the numbers have increased, the forms of coopera- 
tive activity has changed somewhat. The most prevalent 
modes of global industrial R&D cooperation in the 1970s 


“Information in this section is drawn from an extensive database 
compiled in the Netherlands (Maastricht Economic Research Institute 
on Innovation and Technology's Co-Operative Agreements and 
Technology Indicators database—MERIT-CATI) on nearly 10,000 inter- 
firm cooperative agreements involving 3,500 different parent compa- 
nies. In the CAT! database, only inter-firm agreements that contain 
some arrangements for transferring technology or joint research are 
collected. The data summarized here (from Hagedoorn and 
Schakenraad 1993) are restricted to strategic technology partnerships 
such as joint ventures for which R&D or technology sharing is a major 
objective, research corporations, joint R&D pacts, and minority hold- 
ings coupled with research contracts. CATI is a literature-based 
database; its key sources are newspapers, journal articles, books, and 
specialized journals that report on business events. CATI's main draw- 
backs and limitations are that (1) data are limited to activities publi- 
cized by the firm, (2) agreements involving small firms are likely to be 
underrepresented, (3) reports in the popular press are likely to be 
incomplete, and (4) it probably reflects a bias because it draws primari- 
ly from English-language materials. CAT! information should therefore 
be viewed as indicative and not comprehensive. 


were through joint ventures and research corporations. 
In these arrangements, at least two companies share 
equity investments to form a separate and distinct com- 
pany; profits and losses are shared according to the equi- 
ty investment.” In the second half of the 1980s, joint 
nonequity R&D agreements became the most important 
form of partnership. Under such agreements, two or 
more companies organize joint R&D activities to reduce 
costs and minimize risk, while pursuing similar innova- 
tions. The participants share technologies but have no 
joint equity linkages. 

Formation of these so-called strategic technology 
alliances (both equity and nonequity arrangements) are 
particularly extensive among high-tech firms. Splitting 
the past decade into two quinquennia (1980-84 and 1985- 
89) reveals growth in international research collabora- 
tion by firms in a variety of industries, with especially 
steep rises in biotechnology and information technology 
areas. (See figure 4-27.) The largest regional growth in 
R&D cooperation was between U.S. and European firms. 
However, there also was considerable partnership activi- 
ty between U.S and Japanese firms. There were some- 
what fewer—but still a substantial 1 umber of— 
European-Japanese strategic technology alliances. 


U.S. Industry’s Overseas R&D.” Stiff international 
competition in research-intensive and high-technology 
products has compelled U.S. industry to expand its over- 
seas research activities.“ Much of the R&D undertaken 
abroad is not meant to displace domestic R&D, but rather 
to support overseas business growth—for example, to 
help in tailoring products for the specific needs of for- 
eign customers. 

From 1980 to 1991, U.S. firms generally increased their 
funding of R&D performed outside of the country. (See 
appendix table 4-40.). During the first half of this period, 
however, the overseas funding growth did not keep pace 
with the rise in company-financed R&D performed within 
the United States. Instead, company-financed R&D per- 
formed abroad was equivalent to 10 percent of the 
domestically performed total in 1980 and declined steadi- 


"Joint ventures are companies that have shared R&D as a specific 
company objective, in addition to production, marketing, sales, etc. 
Research corporations are joint R&D ventures with distinctive research 


programs. 

The indicators discussed here reveal the growth in industrial glob- 
al R&D activities. Public sector international SaT linkages are also on 
the rise. See, for example Carnegie Commission (1992b) for a review 
of recent trends in U.S. foreign S&T policy, including a summary of sev- 
eral indicators (for example, changes in State Department S&T staffing 
and the number of international SeT agreements). See also the short 
OECD treatise (1993b) and PCAST (1992) on big science funding. The 
high costs of scientific megaprojects increasingly necessitates interna- 
tional collaboration. 

“Companies consider several factors before undertaking R&D over- 
seas: Market access and accommodation of local requirements are but 
two of these factors. Tax and regulatory policies, as well as the avail- 
ability of trained researchers and access to new scientific and techno- 
logical developments in other countries, also influence R&D location 
decisions. 
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Figure 4-28. 
U.S. overseas R&D as a share of 
company-financed domestic R&D, by industry 
Percent 
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ly to a low of 6 percent by 1985. Since then, however, U.S. 
firms’ overseas R&D component has increased nine times 
faster than that performed domestically (11.4 versus 1.3 
percent average annual constant dollar growth between 
1985 and 1991). Overseas R&D is now equivalent to more 
than 11 percent of industry's on-shore R&D expenditures. 
(See figure 4-28.) 

U.S. companies and their foreign subsidiaries in the 
chemicals (including drugs and medicines), transporta- 
tion, and machinery (including computers) industries 
account for the largest shares and growth of this foreign- 
based R&D activity. Indeed, drug companies accounted 
for 19 percent of total 1991 overseas R&D (S8.7 billion), 
which was equivalent to 27 percent of the industry's 
domestically financed R&D. Nonmanufacturing industries 
had the lowest share of privately financed R&D conduct- 
ed overseas, despite a fivefold increase in this share 
since 1985—rising from 0.4 to 2.0 percent in 1991. 

Most of the U.S. overseas R&D is undertaken in Europe. 
As indicated by data from the Bureau of Economic 
Analysis (BEA) on majority-owned foreign affiliates of 
nonbank U.S. multinational companies, 76 percent of the 
1991 R&D total was performed in Europe—primarily Ger- 
many (27 percent), the United Kingdom (17 percent), 
France (9 percent), and Ireland (6 percent). By affiliate 
industry classification, more than cne-half of the German- 
based R&D was performed by transportation equipment 
companies; in the United Kingdom and France, the 
chemicals industry accounted for more than one-third of 


the totals; in Ireland, computer-related research domi- 
nates. R&D in Canada accounts for 11 percent of U.S 
companies’ 1991 R&D performed abroad, and that in 
Japan for 6 percent.'' (See text table 4-6 and appendix 
table 4-41.) 

According to BEA (Mataloni 1992), the majority-owned 
foreign affiliate share of U.S. multinational companies’ 
worldwide R&D expenditures increased from 9 percent in 
1982 to 13 percent in 1990. This increase reflects both 
the faster growth in foreign operations than in U.S. opera- 
tions and the introduction of U.S. computer manufactur- 
ers to foreign research consortia as they sought to share 
the cost of developing new technologies. 


Foreign R&D in the United States.’° Since 1981, the 
percentage of industry R&D expenditures financed from 
foreign sources has risen considerably in each of the 
seven largest R&D-performing countries except Japan. 
Foreign R&D accounts for more than 10 percent of 
industry’s 1990 total in the United States, Canada, the 
United Kingdom, and France; and for more than 3 per- 
cent of industry funds in Italy and Germany. Indeed, 
according to OECD data (1993a) on the 12 nations that 
comprise the European Community,” the combined 
share of their industries’ R&D performance that is for- 
eign controlled has risen from less than 5 percent in 
1981 to 8 percent in 1990. The foreign component of 
Japan’s domestic industrial R&D performance has held 
steady during the 1981-91 period at about 0.1 percent. 
(See figure 4-29 and “R&D Funding by Source and 
Performer.”) 

Like U.S. firms’ overseas R&D funding trends, R&D 
activity by foreign-owned companies in the United States 
has increased significantly since the early eighties. From 
1980 to 1990, inflation-adjusted R&D growth from foreign 
firms (U.S. affiliates in which the foreign parent owns 10 
percent or more of the voting equity) averaged 14 per- 
cent per year, or more than three times the rate of 


“These overseas R&D country shares are from the BEA survey on 
U.S. Direct Investment Abroad (BEA annual series), not the NSF data 
series from which industry-specific shares are taken. The definition 
used by BEA for R&D expenditures is from the Financial Accounting 
Standards Board Statement No. 2; these expenditures include all 
charges for R&D performed for the benefit of the affiliate by the affili- 
ate itself and by others on contract. BEA detail are available for 1982, 
and annually since 1989. NSF reports a 1991 overseas R&D total of $8.7 
billion; BEA estimates overseas R&D expenditures by U.S. companies 
and their foreign affiliates at $9.4 billion. 

‘For countries other than the United States, the data in this section 
are taken from OFCD (1993a). The foreign-sourced R&D data for the 
United States come from an annual survey of Foreign Direct Invest- 
ment in the United States conducted by BEA. BEA reports that the for- 
eign R&D totals are comparable to the U.S. R&D business data pub- 
lished by NsF. Industry-specific comparisons, however, are limited 
due to differences in the industry classifications used by the two sur- 
veys. (See Quijano 1990.) 

“These countries are Belgium, Denmark, France, Germany, Greece, 
Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, and the 
United Kingdom. See also OECD (1992) for a discussion of international 
R&D investment trends. 
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Text table 4-6. 
R&D performed for majority-owned foreign affiliates of U.S. parent companies, by selected country 
and industry of affiliate: 1991 
Manufacturing 
All Total Electrical Transportation 
Millions of dollars 
Ree a oid a a 9,358 8,057 2,354 1,443 737 2,220 502 
i os bins cee eu denna 7,109 6,208 1,836 1,094 465 1,888 468 
A. sss 0 to'n0 6 eae eee 2,503 2,384 267 270 118 1,443 70 
United Kingdom.................. 1,612 1,377 540 195 52 325 136 
Ee pk eet ba beds eek es 871 685 434 36 27 55 10 
ee ae ee eae 573 D 15 513 24 0 D 
CE ee 327 285 144 23 31 42 24 
The Netherlands ................. 477 314 97 5 D 4 148 
CC NE ee a 1,037 854 217 D 78 227 6 
Asia and the Pacific................ 914 717 231 99 165 43 26 
DELL be esebidcesceseses 595 451 174 38 120 4 5 
ER 87 70 1 46 24 0 7 
i aaah Baas eed wee 144 122 39 6 6 D 7 
Latin America .................... 253 239 61 D 11 62 1 
Ey eer 149 148 21 21 7 D ° 
EE ee eee 64 57 21 D 4 D . 
sp pvistceane Whe bbbes 30 26 2 3 18 0 1 
ree Pe ee 15 13 8 2 0 . 0 


* = less than $500,000; D = withheld to avoid disclosing operations of individual companies. 


NOTES: Data are preliminary and include foreign direct investments of nonbank U.S. affiliates only. Data are from the Bureau of Economic Analysis; the 
National Science Foundation estimates that R&D performed abroad for U.S. companies and their foreign affiliates totaled $8.7 billion in 1991. 


‘Ninety percent of the R&D total is undertaken in Israel. 
Eighty percent of the R&D total is undertaken in South Africa. 


SOURCE: Bureau of Economic Analysis, Department of Commerce, U.S. Direct Investment Abroad: Operations of U.S. Parent Companies and Their Foreign 


Affiliates (Washington, DC: Government Printing Office, 1993). 


growth in domestic R&D activities by U.S. companies (4.4 
percent). 

Much of this foreign R&D growth was undertaken dur- 
ing the last half of the decade, just as U.S. firms’ domestic 
R&D investments were falling off. As a result, foreign R&D 
was equivalent to 11 percent of the total industrial R&D 


“BEA considers ail of an investment (including R&D) to be foreign if 
10 percent or more of the investing U.S.-incorporated firm is foreign- 
owned. These R&D expenditures are reported in appendix table 4-43. 
Special tabulations were prepared by BEA to reveal R&D expenditures 
in the United States of those firms in which there is majority foreign 
ownership—i.e., 50 percent or more. For 1990, the 10-percent foreign 
ownership threshold results in an estimated $11.3 billion foreign R&D 
investment total. R&D expenditures of majority-owned U.S. affiliates of 
foreign companies were $8.4 billion. 

Funding trends of these two groupings are quite similar. From 1980 
to 1990, inflation-adjusted R&D spending of majority-owned foreign 
firms was up 350 percent, whereas that of firms with 10 percent or 
more foreign ownership (including majority-owned firms) rose slightly 
more, 370 percent. See appendix table 4-45. 


performance in the United States in 1990—almost double 
that of its equivalent 6-percent share in 1985. Alter- 
natively, as a percentage of total foreign and U.S. firms’ 
industrial R&D funding, foreign companies accounted for 
15 percent in 1990 (majority-owned affiliates accounted 
for 11 percent) compared to a 9-percent share in 1985. 
Although the R&D flows from other European countries 
also increased steadily over the past decade, 80 percent 
of this foreign funding came from five countries— 
Canada, the United Kingdom, Germany, Switzerland, 
and Japan. Japanese firms increased their R&D invest- 
ment in the United States more rapidly than did compa- 
nies from the other nations. 

Foreign-funded research was in 1990 concentrated in 
three industries—industrial chemicals (funded predomi- 
nantly by German and Canadian firms), drugs and medi- 
cines (mostly from Swiss and British firms), and electrical 
equipment (one-fourth of which came from German affili- 
ates). These three industries accounted for three-fifths of 
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Figure 4-29. Foreign-funded research was in 1990 concentrated in 
Portion of industry domestic R&D performance three industries—industrial chemicals (funded predomi- 
financed from foreign sources, by country nantly by German and Canadian firms), drugs and medi- 


cines (mostly from Swiss and British firms), and electrical 
equipment (one-fourth of which came from German affili- 
ates). These three industries accounted for three-fifths of 
total 1990 foreign R&D investment—S11.3 billion. (See text 
table 4-7 and appendix tables 4-43 and 4-44.) 

Concurrent with the rapid growth in foreign R&D 
expenditures in the United States, the establishment of 
R&D facilities here by foreign companies has accelerated. 
According to a recent survey (Dalton and Serapio 1993), 
there were 255 foreign-owned free-standing R&D facilities 
in the United States in 1992. About half of these had 
been established during the previous 6 years.’* Other 
significant findings of this study follow. 


@ R&D facilities of Japanese firms outnumber those of 
all other countries combined. Japanese companies 


*These counts are for only those facilities (R&D center, R&D compa- 
ny, Or R&D laboratory) that are 50-percent or more owned by a foreign 
parent company. An R&D facility typically operates under its own bud- 


NOTES: For United States, foreign expenditures are trom get, and is located in a free-standing structure outside of and separate 
companies with at least 10-percent foreign ownership. German data from the other U.S. facilities (e.g., sales and manufacturing facilities) of 
are for the former West Germany only. the parent. This definition of an R&D facility consequently excludes R&D 
See appendix table 4-43. Science & Engineering Indicators - 1993 departments or sections within U.S. affiliates of foreign-owned companies. 

Text table 4-7. 


R&D performed in the United States by affiliates of foreign companies, by selected country 
and industry of affiliate: 1990 


Manufacturing 
All Total Drugs and Other Electrical 
Country industry manufacturing medicine chemicals Machinery equipment instruments 
Millions of dollars 

ETT TTT TT eT Tere TT Tree 11,324 9,737 2,375 2,808 1,138 1,839 371 
TT Tee TT TTP T TT TTT 7,412 6,328 2,117 1,432 518 1,162 309 

United Kingdom... ... 2... ......5.. 1,864 1,639 766 193 163 131 103 

Che s+6d06644006000005 1,754 1,649 ——_{924}——_ 50 477 79 

Ds cse eee cece eeeeeeeee 1,657 1,457 1,098 15 {190} 79 

POT eT Te ere TeTTTeTr ye 810 724 D D {292} 25 

The Netherlands ................. 805 510 ’ D 1 D . 
ih ehbG bob 666 640000400000 1,955 1,910 . D 9 D 21 
Asia and the Pacific................ 1,497 1,197 ——{133}—_ 601 161 2 

bis kb bs6506006060008066% 1,215 921 ——~{129}—— 471 112 D 
NS’ 606% 6466600040068 381 D D ' 3 . . 
ee Tee Tee eT 26 D 5 1 6 D 0 
teh pha ec hare p nee eee bah he ts 51 D 0 0 2 0 1 


NOTES: includes R&D of affiliates in which the foreign parent owns 10 percent or more of the voting equity. Majority-owned affiliates of foreign companies 
spent $8.4 billion on R&D performed in the United States in 1990. * = less than $500,000; D = withheld to avoid disclosing operations of individual companies. 


SOURCE: Bureau of Economic Analysis, Department of Commerce, Foreign D.rect Investment in the United States: Operations of U.S. Affiliates of Foreign 
Companies (Washington, DC: Government Printing Office, 1992). 
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Text table 4-8. 
Number of foreign R&D facilities located in the United States, by selected industry and country: 1992 

United South Switzer- 
Industry Total Japan Germany Kingdom France Korea land Other 
ee 74 17 12 13 11 0 11 10 
NS a i a ok 41 30 7 0 0 3 0 1 
ith ad hha haste ons 27 20 3 0 0 4 0 0 
Ee 24 21 2 0 0 1 0 0 
Semiconductors.............. 24 18 2 0 0 3 0 1 
Telecommunications........... 22 14 3 0 0 1 0 4 
Opto-electronics.............. 11 8 3 0 0 0 0 0 
High-definition TV............. 9 7 1 0 1 0 0 0 
Medical equipment............ 3 1 2 0 0 0 0 0 


SOURCE: D.H. Dalton and M.G. Serapio, Jr., U.S. Research Facilities of Foreign Companies (Washington, DC: Department of Commerce, Technology 


Administration Japan Technology Program, 1993). 


@ The activities of these foreign facilities were highly 
concentrated in the biotechnology (74 facilities), 
automotive (41), computers (28), and computer 
software (26) industries. 
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@ Foreign R&D facilities are heavily concentrated in 
some areas of the country, notably California's Silicon 
Valley and greater Los Angeles; Detroit; Boston; 
Princeton, New Jersey; and Research Triangle Park, 
North Carolina. 
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HIGHLIGHTS 


FUNDING FOR ACADEMIC R&D FACILITIES AND INSTRUMENTS 
@ The 1980s and early 1990s saw a continuation @ Construction projects initiated between 1986 


of a trend—observed over the last several 
decades—toward an increasing role for academ- 
ic performers in total U.S. research and devel- 
opment (R&D). From 1980 to 1993, academic perfor- 
mance rose from just above S6 billion to an estimated 
$20.6 billion (in current dollars), increasing from a 
9.8percent share to a 12.8-percent share of total U.S. 
R&D performance. 


During the 1980-93 period, average annual 
growth was much stronger for the academic 
sector than for any other R&D-performing sec- 
tor, an estimated 5.2 percent, compared to around 2 
or 3 percent for federal, industrial, and nonprofit labs. 
This trend has continued in recent years: Average 
annual growth for the academic sector between 1991 
and 1993 was again estimated at 5.2 percent. 


The federal share of academic R&D support has 
continued to decline as other support sources 
have outpaced its growth rate. In 1993, federal 
sources provided an estimated 55.5 percent of aca- 
demic R&D support, down from 67.5 percent in 1980. 
In constant dollars, however, academic R&D financed 
by federal support increased by 59.4 percent during 
this same period. 


After the Federal Government, the academic 
institutions that performed the R&D provided 
the second largest share of academic R&D sup- 
port. From 1980 to 1993, the institutional share grew 
from 13.8 percent to an estimated 20.2 percent of aca- 
demic R&P expenditures. 


Industrial R&D support to academic institutions 
has grown more rapidly than support from 
other sources in recent years. In constant dollars, 
academic R&D financed by industry increased by an 
estimated 265 percent from 1980 to 1993. Industry's 
share grew from 3.9 percent to an estimated 7.3 per- 
cent during this period. 


There has been a significant increase in the 
numbey of universities and colleges receiving 
federal R&D support during the past two 
decades. In 1991, 759 academic institutions received 
R&D support from the Federal Government, com- 
pared to 565 in 1971. 


and 1991 are expected to produce over 32 mil- 
lion square feet of new research space and over 
33 million square feet of renovated research 
space when completed. Both the new and 
repaired/renovated space will exceed the equivalent 
of a quarter of existing space. 


@ The amount, adequacy, and condition of S&E 
research space at the Nation’s research-per- 
forming institutions are all reported as having 
increased or improved between the 1988-89 
and 1992-93 periods. However, 34 percent of the 
institutions still reported that the amount of their 
research space was inadequate in 1992-93. 


@ The country’s U.S. research universities have 
recently begun to show a decline in expendi- 
tures from current funds on academic R&D 
instrumentation. This decline follows a pattern of 
large increases in investment throughout most of the 
1980s. Constant dollar expenditures for academic 
research instrumentation averaged 7.7 percent anm 
al growth for federal support and 10.4 percent for 
nonfederal support between 1982 and 1989. In recent 
years this trend has reversed, with federal support 
declining by 5.5 percent and nonfederal support by 
1.5 percent overall between 1989 and 1991. 


CHARACTERISTICS OF DOCTORAL RESEARCHERS 
IN ACADEMIC R&D 


@ The rapid increase in the number of doctoral 
academic researchers, evident throughout the 
1980s, appears to have leveled off for all fields 
but the computer sciences. Total employment 
between 1989 and 1991 was stable for most natural 
science fields and may have declined somewhat for 
the social sciences and psychology. 


@ The aging of the academic research workforce 
appears to be reversing. In 1973, only 25 percent 
of academic researchers had earned their Ph.D. 
more than 15 years earlier; this fraction was 47 per- 
cent by 1989, but dropped to 43 percent by 1991. 
Scientists and engineers who had received their doc- 
torates in the past 7 years made up a growing share 
of all academic researchers. 


Science & Engineering indicators — 1993 


@ During the 1980s, a growing fraction of aca- 
active in research. This trend, which held for 
most age groups in all fields, has also been 
slowed or arrested. Between 1979 and 1989, the 
proportion of all academic doctoral scientists and 
engineers whose primary or secondary work activity 
was research rose from 67 to 78 percent. However, 
little change was apparent between early 1989 and 
late 1991. 


WOMEN AND MINORITIES IN ACADEMIC R&D 


@ The number of doctoral women scientists and 
engineers employed in academia more than 
doubled from 1979 to 1991, and the number 
active in academic R&D almost tripled. In 1991, 
women represented 19 percent of all doctoral aca- 
demic researchers; almost half of female researchers 
were active in the life sciences. 


@ The overall number of black, Hispanic, and 
Native American researchers remains low. In 
1991, these minority groups accounted for 5 percent 
of academic doctoral researchers, up from 2 percent 
in 1979. Their increasing share among researchers is 
roughly in line with their growing share of academic 
employment. 

@ Asians are increasingly prominent in academic 
R&D. Asians constituted 10 percent of academic 
researchers in 1991, up from 4 perceni in 1979—an 
increase roughly proportional to their overall aca- 
demic employment growth. 


SUPPORT OF ACADEMIC RESEARCH PERSONNEL 


@ Another trend showing signs of slowing or 
reversing is the rising proportion of academic 
researchers receiving federal support. During 
the 1980s, an increasing fraction of researchers in all 
fields, except the social sciences, received such sup- 
port. But from 1989 to 1991, the proportion of 
researchers with Federal Government support 
remained stable or declined for most fields. 
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OUTPUTS OF ACADEMIC R&D 
@ U.S.-based authors continue to account for 35 


percent of all publications in a set of about 
3,500 major U.S. and international technical 
journals. This proportion represents a modest | per- 
centage point loss of world share since 1981, follow- 
ing a gradual decline during the 1970s. However, 
stronger gains and losses were experienced over the 
decade in specific fields and specialties, notably loss- 
es of 3 to 5 percentage points in engineering/tech- 
nology and clinical medicine. 


An increase in international coauthorship is evi- 
dent in every major field and for most 
countries. About 11 percent of the world’s articles 
were coauthored internationally, double the percent- 
age of a decade earlier. 


In the United States, there is increasing coau- 
thorship of articles produced by industry-based 
scientists and engineers with those in 
academia. In 1991, about 35 percent of these articles 
had university researchers as coauthors, up from 22 
percent a decade earlier. 


Patenting by U.S. universities continued its 
rapid increzse into 1991. In 1991, 1,324 patents 
were awarded to U.S. academic institutions, com- 
pared with 437 a decade earlier. The strongest 
growth occurred in health- and biomedical-related 
areas. 


@ The largest research universities continued to 


account for a large and growing share of all aca- 
demic patents. However, the 20 largest institutions 
(by total research volume) and those below rank 100 
are receiving a declining share of academic patents, 
while those ranking 21 to 100 have been gaining 
share, due to the more rapid growth of patenting 


activity in this segment. 
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introduction 
Chapter Background 


Academic research and development (R&D) is an inte- 
gral part of the national R&D enterprise. The sector now 
accounts for an estimated 12.8 percent of national R&D 
expenditures and more than half of national basic 
research expenditures. [his chapter addresses the fol- 
lowing three principal aspects of academic R&D: 


@ financial resources: sources of funding, distribution 
among institutions and disciplines, the Federal 
Government's funding role, the spreading institu- 
tional base of federally financed academic R&D, and 
the financing of academic R&D facilities and instru- 
mentation; 


@ doctoral personnel: characteristics of doctorate-level 
scientists and engineers employed by academic 
institutions; and 


@ research outputs: the academic sector's publications 
and patents. 


Chapter Organization 


The chapter opens with a discussion of trends in finan- 
cial resources provided for academic R&D, including allo- 
cations across both institutions and fields. Since the 
Federal Government has been the primary source of 
support for academic R&D for over half a century, its role 
is explored in greater detail. For the first time in the 
Science & Engineering Indicators series, data are present- 
ed on changes in the number of academic institutions 
receiving federal R&D support. Another new item is a 
brief discussion of changes in the modes of federal 
research support to academic institutions over the past 
decade. Also, due to an increasing interest in and sup- 
port for expanded university-industry interactions, the 
section includes a focused examination of growth in 
industrial funding of academic R&D. Finally, data are 
included on funding trends for two key elements of uni- 
versity infrastructure—facilities and instrumentation. 

The second section of the chapter covers the academ- 
ic R&D workforce. It focuses on doctoral scientists and 
engineers working in science and engineering (S&E) 
who earned their doctorates at U.S. institutions. Trends 
in the growth of various disciplines and in the numbers 
of women and minorities in academic R&D fields are 
addressed. Also presented are new information about 
the changing age structure of academic researchers, the 
trend toward increased research participation in aca- 
demia, and the extent of federal support provided to aca- 
demic doctoral researchers. Included for the first time is 
a discussion of changes in the number and percentage of 
federally supported academic researchers receiving sup- 
port from multiple—as opposed to from a single—feder- 
al agency. The section also includes a brief discussion of 
the number of graduate students involved as research 
assistants in academic R&D. 


Chapter 5. Academic Research and Development 


The chapter's final section discusses the outputs of 
academic R&D, specifically the number, subjects, and 
authors of articles published in scientific and technical 
journals worldwide; and trends in the number of patents 
issued to U.S. universities. 


Financial Resources for Academic R&D 


This section focuses on the levels and sources of sup- 
port for R&D activities at U.S. universities and colleges.' 
Beginning with an examination of the role of academic 
R&D in the context of the national R&D system, it covers 
R&D funding patterns in terms of funding sources and 
their distribution among academic institutions and 
across S&E fields. The role of both industry and the 
Federal Government in supporting R&D at universities 
and colleges is explored in some detail. Specifically, data 
are presented on the increase in the share of academic 
R&D support provided by industry, the expansion in the 
number of academic institutions receiving federal sup- 
port, and the changing modes of federal R&D support. 
Aspects of academic R&D facilities and instrumentation, 
including the levels of investment made in these during 
the 1980s and characteristics of both the facilities and 
instrumentation stock, are also examined. 


Academic R&D in a National Context? 


In 1993, an estimated $20.6 billion was spent for R&D at 
U.S. academic institutions.’ This level of expenditure rep- 
resents a continuing trend, observed over the last several 
decades, of an increasing role for academic performers in 
total U.S. R&D. Academic R&D in 1993 made up an estimat- 
ed 12.8 percent of total R&D, compared with about 10 per- 
cent in 1980 and about 9 percent in 1970. During the 
1970-93 period, the proportion of total U.S. research‘ 
expenditures in academic institutions rose from 24 per- 
cent to an estimated 28.6 percent. (See figure 5-1.) 

In constant 1987 dollars, average annual R&D growth 
between 1980 and 1993 was much stronger for the 
academic sector than for any other R&D-performing 


‘Data in this section come from several different National Science 
Foundation (NSF) surveys; these do not always use comparable defini- 
tions or methodologies. Nst’s three main surveys involving academic 
R&D are (1) the Federal Funds for Research and Development Survey; 
(2) the Federal Support to Universities, Colleges, and Selected 
Nonprofit Institutions Survey; and (3) the Scientific and Engineering 
Expenditures at Universities and Colleges Survey. The results from 
this last are based on data obtained directly from universities and col- 
leges; the former two surveys collect data from federal agencies. For 
descriptions of the methodologies of these and selected other Ns¥ sur- 
veys, see SRS (1987). 

‘This discussion is based on data in sks (1992b) and unpublished 
tabulations. For more information on national R&D) expenditures, see 
chapter 4, “National R&D Spending Patterns.” 

In this section, academic institutions generally comprise institutions 
of higher education that grant doctorates in science or engineering 
and/or spend at least $50,000 for separately budgeted Rab. Federally 
funded research and development centers associated with universities 
ar « tlied separately and are examined in greater detail in chapter 4. 

«ncludes basic research and applied research. 


Science & Engineering Indicators — 1993 


Figure 5-1. 
Academic R&D and research as a proportion 
of U.S. totals 
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NOTES: Academic research includes basic research and applied 
research. Data for 1992 and 1993 are estimates. 


See appendix tabies 4-4, 4-5, and 4-6. 
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sector—an estimated 5.2 percent, compared to about 3.1 
percent for federally funded research and development 
centers (FFRDCs) and other nonprofit laboratories, 3 per- 
cent for industrial laboratories, and 1.7 percent for feder- 
al laboratories. The rate of growth for academic R&D 
from 1992 to 1993 is estimated at 5.3 percent, which is 
basically the same average annual growth rate this sec- 
tor has maintained since 1980. As a proportion of the 
gross domestic product, academic R&D rose significantly 
between 1980 and 1993, from 0.22 to 0.33 percent. 

Academic R&D activities are concentrated at the 
research (basic and applied) end of the R&D spectrum 
and do not include much development activity.” Of 1993 
academic R&D expenditures, an estimated 66 percent 
went for basic research, 26 percent for applied research, 
and 8 percent for development. (See figure 5-2.) 


Sources of Funds 


The Federal Government continues to provide the 
majority of funds for academic R&D, but participation by 
other sectors has been growing more rapidly than that of 
the Federal Government in recent years. This circum- 
stance has resulted in a decline in the federal share of 
academic R&D. (See figure 5-3.) 

In 1993, the Federal Government provided an estimat- 
ed 55.5 percent of the funding for R&D performed in 


‘Notwithstanding this delineation, “ka&l”—rather than just “research”"— 
is used throughout this discussion, since almost all of the data collected 
on academic R&D do not differentiate between “k” and “D.” 


academic institutions, down from 67.5 percent in 1980, 
and 70.5 percent in 1970. Following is a discussion of the 
contributions to academic R&D made by the other sec- 
tors. 


@ Jnstitutional funds: Institutional funds are separately 
budgeted funds an academic institution spends on 
R&D, including unreimbursed indirect costs associ- 
ated with R&D projects financed by outside organiza- 
tions and mandatory cost sharing on federal and 
other grants. These are the second largest source 
of academic R&D funds. From 1980 to 1993, the 
institutional share grew from 13.8 percent to an esti- 
mated 20.2 percent of all academic R&D expendi- 
tures. The major sources of institutional funds are 
(1) general-purpose state or local government 
appropriations, (2) general-purpose grants from 
industry, (3) tuition and fees, and (4) endowment 
income.° There is some concern that part of the 


"Another potential source of institutional funds is income from 
patents or licenses. See “Income From Patenting and Licensing Ar- 
rangements” later in this chapter for a discussion of this subject. 


Figure 5-2. 
National and academic R&D expenditures, 
by character of work and performer: 1993 
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increase in the importance of institutional funds is 
due to accounting changes. 


@ State and local government funds: The share of aca- 
demic R&D funding provided by state and local gov- 
ernment has remained constant over the past 
decade at about 8 or 9 percent. This share, howev- 
er, only reflects funds directly targeted to academic 
R&D activities, and consequently understates the 
total contribution of state and local governments. 


@ Other sources of funds: Other sources of support 
include grants for R&D from nonprofit organizations 
and voluntary health agencies, as well as all other 
sources not elsewhere classified. Between 1990 and 
1993, this source of academic R&D support 
increased from about 7 percent to an estimated 8 
percent. 


@ Industry funds: The funds provided by the industrial 
sector for academic R&D grew faster than did fund- 
ing from any other source during the past two 
decades. Industry increased its share from 3.9 per- 
cent in 1980 to an estimated 7.3 percent in 1993. 
Moreover, industry's contribution to academia rep- 
resented about 1.8 percent of all industry-funded 
R&D in 1993, compared to 0.8 percent in 1980, and 
0.6 percent in 1970. 


Patterns of sectoral funding of academic R&D vary 
depending on the type of academic institution involved. 
That is, private and public universities differ in their 
major sources of R&D support. (See appendix table 5-3.) 
For public academic institutions, just over 11 percent of 
R&D funding in 1991 came from state and local funds and 
about 24 percent from institutional funds. Private aca- 
demic institutions received only 2.5 and 10 percent of 
their funding, respectively, from these sources. Between 
1981 and 1991, the federal share of support declined for 


Figure 5-3. 
Sources of academic R&D funding, by sector 
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both public and private institutions, dropping from 60 to 
51 percent for public institutions and from 79 to 71.5 
percent for private institutions. Both public and private 
institutions received approximately 7 percent of their 
respective R&D support from industry in 1991. 


Distribution of R&D Funds Across 
Academic Institutions 


Most academic R&D is now, and has been historically, 
concentrated in relatively few of the 3,600 higher educa- 
tion institutions in the United States.’ In fact, if all such 
institutions are ranked by their 1991 R&D expenditures, 
the top 200-ranked institutions account for 96 percent of 
R&D expenditures. In 1991, 


@ the top 10 institutions spent 18 percent of total aca- 
demic R&D funds ($3.062 billion); 


@ the top 20 institutions spent 32 percent ($5.430 
billion); 
@ the top 50 spent 57 percent (S$9.878 billion); and 


@ the top 100 spent 81 percent ($13.953 billion).* 
(See appendix table 5-4.) 


industrial Support of R&D at Specific 
Academic Institutions 


Industry now supports over 7 percent of total academ- 
ic R&D. While most of the industrial funds go to large, 
recognized research institutions, about a dozen academ- 
ic institutions with relatively small R&D expenditures get 
more than 20 percent of their R&D funding from industry. 
These funding patterns partly reflect relationships that 
have developed between individual firms and schools. 

In 1991, industry provided just over $1.2 billion for 
academic R&D. Of the \op 200 institutions in terms of 
total 1991 academic K&D expenditures, the top 25 
schools together received almost $409 million from 
industry, or about 33 percent of the total support con- 
tributed by industry. The bottom 25 schools received 
$38 million, or 3.1 percent of total industry funds. On 
average, the top 25 schools received $16.4 million each 
in industrial support; the lowest 25 schools averaged 
$1.6 million each. (See appendix table 5-5.) 


The Carnegie Foundation for the Advancement of Teaching classi- 
fied 3.600 degree-granting institutions as higher education institutions 
in 1987. (See chapter 2, “Classification of Academic Institutions,” for a 
brief description of the Carnegie categories.) These higher education 
institutions include 4-vear colleges and universities, 2-vear community 
and junior colleges, and specialized schools such as medical and law 
schools. Not included are more than 7,000 other postsecondary institu- 
tions (secretarial schools, auto repair schools, etc.). 

“These percentages exclude the Applied Physics Laboratory (APL) at 
Johns Hopkins University. With an estimated 8439 million in total and 
$430 million in federally financed kab expenditures in fiscal year 1991, 
Wt performs about two-thirds of the university's K&D. Although not 
officially classified as an FFRDC, APL essentially functions as one. Its 
exclusion therefore provides a better measure of the distribution of 
academic K&D) dollars and the ranking of individual institutions. 
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Text table 5-1. 
industrial funding of academic R&D, 
by level of R&D expenditures 
Schools w/more Average 
than 10% of their proportion of 
total R&D funds _ total R&D funding 
from industry from industry 
Schools ranked by 
total R&D te 1980 1991 1980 1991 
Number —- —— Percent — 
Rank 1-200........... 24 57 46 8.6 
EEE 2 “ 44 6.3 
NE ahi al £ nao ie ah 2 3 4.4 6.4 
ach h ie & ea eae.e 2 2 3.8 6.2 
Ee 1 4 46 6.6 
| 3 12 5.5 9.4 
0 4 9 5.9 10.0 
ree 2 11 5.6 10.0 
I 8 12 11.4 13.5 


NOTE: Data are omitted for those institutions that did not separately 
report industrial R&D funding or that reported no industrial support. For 
1980, 32 institutions were omitted: 6 were omitted in 1991. 


‘Ranking is derived by sorting institutions into groups of 25, from highest 
R&D expenditures to lowest. 


See appendix table 5-5. Science & Engineering Indicators — 1993 


This distribution of industry funds follows an expect- 
ed pattern: Top-ranked schools receive more industry 
funding than do lower ranked schools. A more surpris- 
ing finding is that industry's share of total R&D expendi- 
tures for the lowest ranked schools was double its corre- 
sponding share among top-ranked schools. Industry 
accounted for an average 13.5 percent of the total R&D 
expenditures of schools in ranks 176-200 in 1991, com- 
pared with a 6.3 percent share of total for the top 25 
schools. Furthermore, the low-ranked schools receiving 
relatively large proportions of their R&D funding from 
industry tend to be specialized smaller institutions—fre- 
quently ones with a single R&D specialty that is closely 
linked with local industry. 

Between 1980 and 1991, the number of schools receiv- 
ing over 10 percent of their academic R&D support from 
industry increased from 24 to 57. In all but one of the 
eight groups of 25 among the top 200 research institu- 
tions, the number of institutions receiving more than 10 
percent of their academic R&D support from industry 
increased (it did not change in the schools in ranks 51- 
75). The share of funds from industry also increased in 
each of the eight groups. 

Several factors might contribute to these increases. 
For one thing, more institutions had separately reported 
industrial support data in 1991 than in 1980. (See text 
table 5-1.) Also, the increasing industry support for aca- 
demic R&D may reflect increasing amounts of coopera- 
tive research activity between the two sectors, in con- 
trast to companies just providing research grants to 
universities and colleges. 
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Academic R&D Expenditures by Field 
and Funding Source’ 


By far, the majority of academic R&D expenditures in 
1991 went to the life sciences, which accounted for 54 per- 
cent of total academic R&D expenditures, 53 percent of 
federal academic R&D expenditures, and 55 percent of 
nonfederal academic K&D expenditures. The next largest 
block of total academic R&D expenditures was for engi- 
neering—16 percent in 1991."" (See appendix table 5-6 
for detailed data on expenditures over time by S&E sub- 
field, also see appendix table 5-7.) 

Between 1981 and 1991, academic R&D expenditures 
for all fields combined grew at an average annual rate of 
5.5 percent in constant 1987 dollars. (See figure 5-4 for 
constant dollar expenditures over the decade by field.) 
Funding for the computer sciences grew fastest during 
the decade, increasing at an average annual rate of 9.7 
percent in constant dollars. However, R&D expenditures 
for the computer sciences in 1991 were only about 3.1 
percent of total academic R&D. The engineering and 
mathematical sciences fields grew second and third 
fastest during the decade, increasing at average annual 
rates of 7.1 and 5.8 percent, respectively. Academic R&D 


The data in this section are drawn from the National Science 
Foundation’s Scientific and Engineering Expenditures at Universities 
and Colleges Survey. For various methodological reasons, parallel data 
by field from the Foundation’s Survey of Federal Obligations to 
Universities and Colleges do not necessarily match these numbers. 

For further information on the nature of engineering research 
being performed in U.s. universities see “The Nature of Engineering 
Research at U.S. Universities.” 


Figure 5-4. 
Academic R&D expenditures, by field 


Billions of constant 1987 dollars 
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NOTE: See appendix table 4-1 for GDP implicit price deflators used to 
convert currrent to constant 1987 dollars. 


See appendix table 5-7. Science & Engineering Indicators — 1993 
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What is the role of research in engineering educa- 
tion? How does this academic research component 
relate to the needs and interests of U.S. industry and 
government? To answer these and related questions, a 
3-year study on the nature of U.S. academic engineer- 
ing research is now under way. Led by Professor 
Robert P. Morgan of Washington University and sup- 
ported by the National Science Foundation, the study 
is aimed at characterizing the research undertaken by 
U.S. engineering school faculty members, research 
staff, and students (Morgan et al. 1993a and 1993b). As 
part of this study, a national survey of directors of 
organized university-based engineering research units 
was conducted to obtain information on the nature, 
process, and outcomes of engineering school 
research. To date, responses have been received from 
651 of 1,030 of these research units located in 154 uni- 
versities. Based on these responses, the following pre- 
liminary conclusions have been drawn. 


@ Research units appear to be shifting away from 
the individual investigator model of research 
toward more applied team research of a cross dis- 


The Nature of Engineering Research at U.S. Universities 


ciplinary nature. Despite this shift, traditional 
research outputs such as publications and papers 
still predominate. 


@ Students continue to play a central role in 
research. 


@ Industry is substantially involved in university- 
based engineering research. 


@ The most frequently cited problems of research 
directors are insufficient funding and lack of fund- 
ing for long-term research. 


@ Contributions of research units vary widely from 
those of a fundamental nature to activities leading to 
major developments in industry and government. 


Followup will be conducted regarding this last find- 
ing in order to develop case studies of academic 
research contributions and the processes by which 
technology transfer takes place. Also, a national survey 
will be mailed to about 3,500 of the roughly 20,000 U.s. 
engineering faculty during the fall of 1993 to comple- 
ment the research directors’ survey. 


expenditures in the social sciences grew the slowest, 
averaging 3.1 percent. 

The distribution of federal and nonfederal funding of 
academic R&D in 1991 varied by field and subfield. (See 
appendix table 5-6.) For example, the Federal Govern- 
ment supported 62 percent of academic R&D expenditures 
in the medical sciences subfield, but only 26 percent of 
academic R&D in the agricultural sciences subfield. (This 
latter figure reflects the traditionally strong role of states 
in supporting the agricultural sector.) 

It is noteworthy that the declining federal share in the 
support of academic R&D is not limited to particular S&E 
disciplines. Rather, the federally financed fraction of sup- 
port for each of the S&E fields declined over the past two 
decades. (See appendix table 5-8.) There were some vari- 
ations by field, however. The most dramatic decline 
occurred in the social sciences (57 percent in 1973 to 33 
percent in 1991); the smallest decline was in the comput- 
er sciences (70 to 67 percent). The overall decline in fed- 
eral share also holds for all reported S&E subfields. 


Support of Academic R&D by Federal 
Agencies'' 

Federal obligations for academic R&D are concentrat- 
ed in three agencies: the Nationil Institutes of Health 


"'See “An Update on Congressional Earmarking to Universities and 
Colleges,” for a discussion of an issue related to federal academic R&D 
support that continues to engender considerable debate. 


(NIH), the National Science Foundation (NSF), and the 
Department of Defense (DOD). Together, these agencies 
provided about 73 percent of total federal financing of 
academic R&D in 1993, up from 66 percent in 1971. (See 
appendix table 5-9.) NIH was estimated to have provided 
44 percent of federal support for academic R&D in 1993; 
the NSF share was estimated at 16 percent. DOD’s share 
was estimated at 13 percent in 1993. 

During the past 10 years, the National Aeronautics 
and Space Administration (NASA)—which is estimated to 
provide less than 6 percent of federal support in 1993— 
had the highest estimated average annual growth in its 
funding of academic R&D: 9.7 percent per year (constant 
1987 dollars). The next highest rates of growth were 
experienced by NSF (5.2 percent) and NIH (4.5 percent). 
In addition to changes in the pattern of agency funding, 
there have been shifts in the modes of research support 
provided to academic institutions. For details, see “Fed- 
eral Academic Research Funding by Mode of Support.” 


The Spreading Institutional Base of Federally 
Funded Academic R&D” 


In 1971, 565 academic institutions received federal 
support for their R&D activities. In 1981, this number 


'“The data in this section are drawn from the Federal Support to 
Universities, Colleges, and Selected Nonprofit Institutions Survey. The 
survey collects data on federal R&D obligations to individual U.S. univer- 
sities and colleges from the 15 federal agencies that account for virtual- 
ly all such obligations. 
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Science & Engineering Indicators - 1991 (NSB 1991) 
discussed several aspects of academic earmarking— 
the congressional practice of providing federal funds 
to educational institutions for research facilities or pro- 
jects without merit-based peer review. The significant 
increases reported then in both the number of ear- 
marked projects and the amount of money directed 
toward them are still continuing. (See text table 5-2.) 

In his introduction to the recent report “Academic 
Earmarks: An Interim Report by the Chairman of the 
Committee on Science, Space, and Technology” 
(Committee on Science, Space, and Technology 1993), 
Congressman George E. Brown, Jr. (D-CA), states that 


“I believe that the rational, fair, and equitable allo- 
cation and oversight of funds in support of the 
Nation’s research and development enterprise is 
threatened by the continued increase in academic 
earmarks. To put it colloquially, a little may be 
okay, but too much is too much.” 


As text table 5-2 shows, the number of academic ear- 
marks has increased from a negligible level in the 
early 1980s to hundreds of earmarks in the past few 
years; the dollar amount of these earmarks has 
increased from the tens to the hundreds of millions.’ 


An Update on Congressional Earmarking to Universities and Colleges 


Text table 5-2. 
Growth in number of and funds for earmarked 
academic projects 


Number Dollars 
of earmarks for earmarks 
ETS eae ae ae 7 10,740,000 
SE aera 0 0 
EERE or eer es a 9,370,999 
a ee 13 77,400,000 
se ee reid ae. ie 6 39,320,000 
ee ee 39 104,085,000 
RE ee eee 38 110,885,000 
DC bch see hehe ae ee 48 163,305,000 
ee 72 232,392,000 
eee ee em 208 299,026,000 
ee er ee 252 247,976,333 
CR aie te a: ou a ede cea ae ae 279 470,279,499 
i eee 499 707,989,031 


SOURCE: Committee on Science, Space, and Technology, U.S. House of 
Representatives, “Academic Earmarks: An Interim Report by the Chairman 
of the Committee on Science, Space, and Technology.” Washington, DC: 
1993. 
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increased to 618, and by 1991, to 759. (See appendix 
table 5-10.) During this 20-year period, however, there 
was almost no change in the number of Carnegie 
research or doctorate-granting institutions receiving fed- 
eral R&D ob igations. Instead, almost all of the increase 
in the number of institutions supported occurred in the 
other Carnegie classifications—i.e., among comprehen- 
sive; liberal arts; 2-year community, junior, and technical: 
and professional and other specialized schools." 

This spreading of the institutional base of federally 
funded academic R&D did not occur at the same rate, nor 
even in the same direction, in all science and engineer- 
ing fields. Once again, at the individual field level, most 
of the increase was at institutions other than research or 
doctorate-granting ones. The largest relative increases in 
the number of institutions receiving academic R&D sup- 
port from the Federal Government were in the computer 
sciences, mathematics, and geological sciences. Two 
fields—the social sciences and psychology—showed a 
decline in the number of institutions receiving federal 
academic R&D support. (See figure 5-5.) 


“See chapter 2, “Classification of Academic Institutions,” for a brief 
description of the Carnegie categories. 


Figure 5-5. 
Academic institutions receiving federal R&D support 


Life sciences ‘] 


Psychology 


Social sciences [| 


Engineering 


] J 


webhenem ak yX " A. A. du A 


0 100 200 300 400 500 600 700 800 
Number of institutions 


NOTES: “Other Carnegie institutions” are all Carnegie-classified 
institutions except research and doctorate-granting institutions 
No data are available for 1971 for the computer sciences. 


See appendix table 5-10 Science & Engineering Indicators -. 1993 
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Federal Academic Research Funding by Mode of Support 


Until recently, very little data were available on 
trends in federal funding of academic research by 
mode of support. This changed, however, with the 
release of Trends in the Structure of Federal Science 
Support by the Federal Coordinating Council for 
Science, Engineering, and Technology (FCCSET). The 
report (OSTP 1992) defined four principal modes of sup- 
pert, and primarily examined civilian federal research 
funding from six agencies—the Department of Energy 
(DOE), NIH, NSF, Environmental Protection Agency 
(EPA), Department of Agriculture (USDA), and NASA. 
(DOD was also included in some of the discussions.) 

Definitions. FCCSET used the following definitions of 
support modes. 


@ Individual investigator. A single senior scientist or 
small research group receiving direct funding for 
an independent research project. 


@ Research team: A group of senior investigators, 
often at different institutions, pursuing common 
research objectives and considered by the fund- 
ing agency to be a team. A research team is less 
formally organized than a research center and 
may be funded separately. 


@ Research center: A formally organized group of 
investigators, frequently multidisciplinary, using 
shared resources to pursue coordinated research 
focused on a single topic or research theme. 


@ Major facility: A large multi-user laboratory or 
research facility requiring a long-term commit- 
ment for support. A major facility is intended for 
shared used by researchers from many institu- 
tions, and is frequently designated as “national” 
or “regional” in scope. 


Findings. FCCSET found that funding has increased 
for all modes of support, albeit at different rates. 
Overall, the shares of research funds going to individ- 
uai investigators and to research centers declined 
between 1980 and 1989, while the shares to research 
team's and major facilities increased. (See figure 5-6.) 

The distribution of academic research funds among 
modes of support differs substantially across the six 
agencies examined. For example, while individual 
investigators account for a major share of each agen- 
cy’s academic research support, there are significant 
differences by agency. Individual investigators receive 
between 60 and 80 percent of funding by NSF, EPA, and 
DOD; they receive about 50 percent of NIH funding, 
and account for only about 35 to 40 percent of USDA 
and DOE funding. In USDA, research centers play a 
much more crucial role in academic research funding; 


in DOE, research teams, research centers, and major 
facilities also receive significant support. NIH has 
given increasing attention to interdisciplinary 
research during the 1980s, with the result of stimulat- 
ing awards to team research. 


Figure 5-6. 


Funding of academic research by six civilian 
federal agencies, by support mode 


3.5% 


Research funding: FY 1989 


All ind. Res. Res. Major. 
Agency modes invest. team center fac. 
Millions of dollars 
ja 4445 2,171 1,752 484 38 
NSF .... 1,438 885 164 112 277 
DOE .... 560 230 168 91 72 
USDA... 356 129 2 193 32 
NASA... 404 216 133 27 19 
SA.... & 47 0 12 0 


See appendix table 4-20. Science & Engineering Indicators — 1993 
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Academic R&D Facilities and instrumentation" 


Despite increased and prolonged spending in this area 
since the 1980s, problems persist in the amount and ade- 
quacy of academic research facilities and instrumenta- 
tion. Recent surveys indicate, however, that these 
increases in expenditures are addressing at least some 
of the needs in these areas. 


Facilities. Although new facilities construction pro- 
jects have become more expensive, construction costs 
appear to be leveling off. The cost of new academic R&D 
space in current dollars was $207 per square foot in 
1986-87,'> $231 in 1988-89, and $260 in 1990-91. The com- 
parable cost for 1992-93 is estimated at $259 per square 
foot. (See appendix table 5-11.) Similarly, construction 
outlays for academic research facilities are expected to 
reach $3.2 billion (in current dollars) in 1992-93; this is 
up from $3.0 billion in 1990-91, $2.5 billion in 1988-89, 
and $2.1 billion in 1986-87. 

When the projects initiated between 1986 and 1991 are 
completed, they are expected to produce over 32 million 
square feet of new research space—the equivalent of about 
26 percent of existing research space. The total amount of 
research space has not been increasing as much as the 
planned new construction, suggesting that the new research 
space may replace obsolete or inadequate space rather than 
add to existing space. The new construction projects initiat- 
ed in 1992-93 should produce over 12 million square feet of 
new research space. (See appendix table 5-12.) 

Outlays for major repair/renovation of academic research 
facilities are expected to reach $895 million (in current dol 
lars) in 1992-93, compared to $835 in 1990-91, $1,010 in 1988- 
89, and $838 in 1986-87. When the repair/renovation pro- 
jects initiated between 1986 and 1991 are completed, they 
are expected to result in the repair/renovation of over 33.5 
million square feet of research space, the equivalent of 
about 28 percent of existing research space. New projects 
initiated in 1992-93 are expected to result in the repair/reno- 
vation of an additional 6 million square feet of research 
space. (See appendix table 5-12.) 

More than 85 percent of current academic research 
space is concentrated in five S&E fields: 


@ biological sciences (23 percent) 


@ medical sciences (18 percent), 


‘Data on facilities and instrumentation are taken primarily from sev- 
eral surveys supported by the National Science Foundation. Although 
terms are defined specifically in each survey, in general, facilities 
expenditures (1) are classified as “capital” funds, (2) are fixed items 
such as buildings, (3) often cost millions of dollars, and (4) are not 
included within r&d expenditures as reported here. Equipment and 
instruments (the terms are used interchangeably) are generally mov- 
able, purchased with current funds, and included within r&d expendi- 
tures. Because the categories are not mutually exclusive, some large 
instrumentation systems could be classified as either facilities or 
equipment. 

Data are aggregated into 2-year units because information on project 
costs and net assigned square footage for repair/renovation and con- 
struction activities are requested for 2 years rather than for a single year. 
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Condition of 

research facilities 1988 1990 1992 
Percentage of institutions’ S&E research space 

Suitable for use in most scientifically 

sophisticated research.............. 23.9 259 268 

Effective for most uses, but not most 

scientifically sophisticated............ 38 3.2 HW7 

Requires limited repair/renovation to 

be used effectively................. 23.5 23.3 226 

Requires major repair/renovation to 

be used effectively’ ................ 158 155 128 

Requires replacement®.............. NA NA 3.1 


S&E = science and engineering 

NOTES: Because of rounding, components may not add up to 100. 
‘The data for 1988 and 1990 in this category include space requiring 
replacement. 


?This category was first used in the 1992 survey. 


@ agricultural sciences (16 percent), 
@ engineering (15 percent), and 
@ physical sciences (13 percent). 


The condition of academic S&E research facilities 
space has improved somewhat between 1988 and 1992. 
(See text table 5-3.) Specifically, the amount of space 
available for use in the most scientifically sophisticated 
research has increased; and the amount of space that 
needs limited repair/renovation has decreased. 

A significant improvement of institutions’ assessment 
of the amount of research space also occurred between 
1988 and 1992. In 1988 and 1990, 40 to 42 percent of 
institutions reported that their space was inadequate, 
compared to only 34 percent in 1992. 

Although the increased facilities funding has been 
beneficial to the academic research infrastructure, sur- 
vey results indicate that respondents believe there is still 
a construction backlog as well as considerable space that 
needs renovation and repair. 


instrumentation. Current fund expenditures for aca- 
demic research instrumentation grew steadily between 
1982 and 1989 before beginning to decline in 1990 and 
again in 1991 (constant dollars.)'* (See appendix table 5-13.) 


‘Data used here are limited to current funds expenditures for 
research instrumentation and do not include funds for instructional 
equipment. Current funds—as opposed to capital funds—are those in 
the yearly operating budget for ongoing activities. Generally, academic 
institutions keep separate accounts for current and capital funds. 
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Figure 5-7. 
Current fund expenditures for research ej \wiprnent 
at academic institutions, by field 


Millions of constant 1987 dollars (logarithmic scale) 
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NOTE: See appendix table 4-1 for GDP implicit price defiators used to 
convert current dollars to constant 1987 dollars. 


See appendix table 5-13. Science & Engineering indicators ~ 1993 


R&D equipment expenditures grew by 3.9 percent between 
1988 and 1989, and then declined by 1 percent between 1989 
and 1990, and by 3 percent between 1990 and 1991. About 59 
to 64 percent of these expenditures were covered by the 
Federal Government during the 1980s, but the government's 
share fell to about 59 percent in both 1990 and 1991. This 
percentage varied among individual fields, however, with the 
social sciences receiving only about one-third of their 
research equipment funds from the Federal Government, 
and the physical and computer sciences over 70 percent. In 
the period between 1982 and 1991, federal support did not 
grow as quickly as did nonfederal. Annual growth in federal 
support averaged 5.2 percent, while nonfederal support grew 
7.8 percent (in constant dollars) during this period. 

By field, current fund expenditures for instruments for 
engineering, computer sciences, mathematical sciences, 
environmental sciences, and physical sciences increased at 
average annual rates, in constant 1987 dollars, of between 
6 and 10 percent since 1982. Funds for research equip- 
ment for the social sciences and psychology grew at an 
average annual rate of less than 4 percent since 1982. (See 
figure 5-7.) 

From 1981 through 1991, annual current fund research 
equipment expenditures fluctuated between 6 and 7 per- 
cent of total R&D expenditures, with an upward trend in 
this proportion between 1983 and 1986, and a downward 
trend since 1986. Equipment purchases as a percentage of 
R&D expenditures were consistently higher than average 
in the computer sciences, physical sciences, and engineer- 
ing; they were consistently lower in the mathematical sci- 
ences, social sciences, life sciences, and psychology. 
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Characteristics of Academic RaD instrumenta- 
tion.'’ As noted in Science & Engineering Indicators -1991 
(NSB 1991), the age distribution of academic research 
instrumentation changed significantly over the course of 
the first three surveys as a result of both retirement of 
older equipment and an increase in the size of the equip- 
ment stock. In 1982-83, 62 percent of the in-use instru- 
ment systems were 5 years old or less, and 38 percent 
were 6 or more years old. By 1988-89, 69 percent of the 
systems were 5 years old or less. 

In each of the four survey cycles, annual expenditures 
(in constant dollars) for the purchase of research instru- 
ments increased;"* expenditures for their repair and 
maintenance also increased in all but the last cycle. (See 
text table 5-4.) After adjustment for inflation, expendi- 
tures for purchasing new or used equipment increased 
by about 52 percent between 1983-84 and 1986-87 
but only by 5 percent between 1989-90 and 1992." Main- 
tenance and repair expenditures increased by 31 percent 
between the first and second cycles and decreased by 8 
percent between the third and fourth cycles. As a result of 
these expenditure patterns, for every dollar spent on pur- 
chasing research equipment, 25 cents was spent on main- 
tenance and repair in 1983-84, 22 cents in 1986-87, 25 
cents in 1989-90, and 22 cents in 1992. 

The purchase of new equipment during the 1980s and 
early 1990s appears to have produced beneficial results for 
many academic departments and research facilities. Thirty- 
four percent of the S&E department heads and research 
facility administrators reported that the overall adequacy of 
their existing research equipment remained about the 
same, and 48 percent reported that it improved between 
the 1989-90 and 1992 periods. (Similar results had been 


' Beginning in 19%3-84, Ns¥, with funding support from NIH, initiated 
the triennial National Survey of Academic Research Instruments and 
Instrumentation Needs. The survey's first three cycles (conducted in 
1983-84, 1986-87, and 1989-90) collected data for six Sek fields, with 
data on half the fields collected in the survey's first year, and data for 
the second half in the survey's second year. For the survey's newest 
cycle, the two data collection phases will be consolidated so that all 
fields are covered at one time. Also, in previous cycles, each survey 
had: (1) department questionnaires requesting department expendi- 
tures for equipment plus related issues such as equipment needs and 
priorities; and (2) instrument data sheets for information on the condi- 
tion, cost, usage, etc., of specific items of equipment. Beginning in the 
fourth cycle, each of these components will be conducted every other 
year. Thus, the 1992 component of the survey collected only the 
department questionnaire survey data. 

“Expenditures for research equipment purchases obtained through 
this survey are not readily comparable with those discussed in the pre- 
vious section. These survey data include all expenditures-both from 
current operating funds and capital accounts-while the earlier discus 
sion is limited to research equipment from current funds expenditures, 
which could be 2 considerably smaller expenditure. Taken together, 
however, these two data sources appear to suggest that although over- 
all expenditures for instrumentation continue to increase, expenditures 
financed from current funds are declining in recent years. 

“Expenditure data for the 1983-84 to 1986-87 period and the 1989-90 
to 1992 period are not comparable because the earlier years do not con- 
tain supersystems (units having a piece of equipment generally worth 
$1 million or more) while the later years do contain these systems. 
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Text table 5—4. 


Annual expenditures for research equipment purchases and for maintenance of existing research equipment 


1983-84 1986-87 1989-90 1992 
Millions of constant 1987 dollars —- 
Purchases of nonexpendable research equipment...................... 470 713 1,083 1,138 
Maintenance/repair of existing research equipment ..................... 118 154 275 253 
Amount spent on maintenance/repair for each $1 Dollars 
spent on research equipment... =... eee 0.25 0.22 0.25 0.22 


NOTE: Years 1983-84 and 1986-87 do not contain supersystems (units having a prece of equipment generally worth $1 mullton or more). but years 1989-90 


and 1992 do. 


SOURCE: Science Res. «ces Studies Division. National Science Foundation. Academic Research instrumentation and instrumentaton Needs in Science and 


Engineenng: 1992 (Wasivgion. DC: NSF. forthcoming). 


reported between the 1986-87 and 1989-90 periods.) In addi- 
tion, 15 percent of ScE department heads reported that the 
amount of usable equipment had increased by 50 percent 
or more, and another 53 percent reported that it had 
increased by between 11 and 49 percent, between 1989-90 
and 1992. However, even with the increases reported in 
both the adequacy of their research equipment and the 
amount of usable research equipment, 79 percent of 
respondents reported that instrument needs had increased 
because of expanding staff or programs or other factors. 


Doctoral Scientists and Engineers 
Active in Academic R&D 


This section discusses characteristics of academic 
scientists and engineers with doctorates from U.S. univer- 
sities who, at the time surveyed, worked in science or 
engineering fields.’ Emphasis is given to researchers— 
i.e., those who report that research is their primary or 
secondary work responsibility. This section presents data 
on their number and characteristics, including their fields 
of concentration, age, sex, race/ethnicity, and extent of 
federal support. A discussion is included on trends in the 
reported primary work responsibility (for research or 
teaching) of S&F doctorates in regular faculty positions. 
Some limited data are also presented on graduate 
research assistants who participate in academic R&D. 


“Data on doctoral scientists and engineers are derived from the bien- 
nial Survey of Doctorate Recipients conducted for \st by the National 
Research Council. (See “Changes in the Survey of Doctorate Recipients” 
for a discussion of the survey sample.) In this section, “academic institu 
tions” refer to universities, + and 2-vear colleges (the latter generally 
contribute little to K&D activity), and medical schools, as identified by 
the respondents, but exclude university-administered FERDCS 

For 1991, no data are available on doctorate-holders emploved in 
academic institutions who earned their degrees at non-. s. institutions, 
or on those with non-sct degrees working in science or engineering. 
Except for some limited data on graduate research assistants (dis- 
cussed later in this section), no data are available on nondoctoral aca- 
demic research personnel. 
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Trends in the Number and Characteristics of 
Academic Researchers’! 

In 1991, there were 177,805 scientists and engineers 
with doctorates earned at U.S. institutions working in S&E 
at U.S. universities and colleges.” (See appendix table 
5-14.) Of the doctoral scientists in academia, 149,874, or 
84 percent, held faculty rank, down from 88 percent in 
1979 and 1981. The remainder held other positions. In 
all, 134,647 were engaged in academic R&D as defined 
here, including 76 percent of those with faculty rank and 
75 percent of those with other positions. 

During the 1980s, the academic doctorate-holding S&E 
workforce became more research-intensive, as measured 
by the proportion of those reporting research as their pri- 
mary or secondary work responsibility. Between 1979 and 
1991, the number of doctoral scientists and engineers 
employed in academia increased by 30 percent—from 
135,841 to 177,805—but the number of doctoral academic 
S&E researchers increased by 52 percent—from 88,686 to 
134,647. Consequently, the proportion of Sce Ph.D.-hold- 
ers who reported some research activity rose from 65 per- 
cent in 1979 to 76 percent in 1991. However, comparing 
data from fall 1991 with data gathered in the spring of 
1989 (see “Changes in the Survey of Doctorate 
Recipients”) suggests that this trend has leveled off. 


‘Again, this discussion is limited to persons who received doctorates 
from (.S. institutions who are now working in science or engineering. 
The number of academic researchers was determined based on 
responses to a question in the Survey of Doctorate Recipients on pri- 
mary and secondary work activities. In 1991, respondents were asked: 
“From the activities listed below, select your primary and secondary 
work activities...in terms of time devoted during a typical week.” 
Because many faculty members who devote a substantial amount of 
lime to RAD often consider another activity (for example, teaching) to 
be their primary work activity, those survey respondents who selected 
academic RAL as either their primary er secondary work activity are 
included here. The inclusion of both sets of respondents vields an 
amount approximately twice that when only those reporting RAD as 
their primary activity are counted. These counts should not be consid. 
ered fulltime equivalents 

This figure excludes those working in FERDCs administered by uni- 
versities or university consortia 
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Data on the academic employment and research 
activities of doctoral scientists and engineers are 
derived from the Survey of Doctorate Recipients (SDR), 
a sample survey sponsored jointly by the National 
Science Foundation and selected other federal agen- 
cies and conducted biennially by the National 
Research Council. In 1991, spk underwent several 
design changes as part of a larger redesign and 
improvement of NSF's science and engineering person- 
nel survey system. These changes affect the compara- 
bility of 1991 data with those of earlier years. 

Through 1989, the SPR sample had included three 
major respondent segments: (1) persons with science 
or engineering Ph.D.s received from U.S. institutions, 
(2) holders of doctorate degrees in other fields work- 
ing in science or engineering at the time of the survey, 
and (3) persons with science or engineering Ph.D.s 
earned at non-U.s. institutions. The 1991 sample 
retains only those respondents in category 1. 
Moreover, in an effort to improve response rates with- 
in budget constraints, sampling strata and overall sam- 
ple size were reduced; several other changes were 
made as well, including a 31-month interval between 
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the 1989 and 1991 surveys, rather than the usual 24 
months. 

Definitive statistical studies remain to be completed 
on the overall effects of these changes on the data and 
the range of interpretations permitted by them. 
Preliminary investigation suggests that the revised 
SDR survey system permits analysis of trends if the 
data used ore limited to those respondents encom- 
passed by category (1) above who are working in S&F 
fields in a given survey year. 

Accordingly, the data reported here focus on that 
survey segment alone for all years. Status and trends 
in academic doctoral S&E employment and research 
activity are examined, in general, for two periods— 
1979-81 and 1989-91, the latest year for which these 
data are available. The 1979 and 1989 data are included 
to permit rough comparisons with data reported in 
previous Science & Engineering Indicators volumes, 
and to provide some idea of the extent of the SDR 
changes. Throughout this section, then, potentially 
interesting but small statistical differences should be 
treated cautiously. At least for the moment, their inter- 
pretation remains problematic. 


The sharpest gains over the decade in research activi- 
ty were experienced in the social sciences and mathe- 
matics. In 1979, 54 percent of the social scientists and 58 
percent of mathematicians were involved in research; by 
1991, these fractions had risen to 71 percent each. The 
highest level of research activity in 1991 (88 percent) was 
in the environmental sciences, followed by engineering 
and the life sciences with 82 percent each. (See appendix 
table 5-14.) 


Academic Researchers by Field 

The field composition of the academic research work- 
force underwent some changes in the past decade. These 
changes largely, but not entirely, reflected compositional 
shifts in the doctoral academic workforce as a whole. 

The number of researchers in the physical sciences 
grew more slowly than those in other fields—about 22 
percent from 1979 to 1991, compared with 50 percent for 
all the sciences and 64 percent for enginecring. (See fig- 
ure >8.) Computer science researchers increased by 224 
percent; employment growth in this field was also partic- 
ularly strong. Life science researchers remained the 
largest group, maintaining their $&percent share of the 
S&F total. Reflecting these shifts, the physical sciences 
declined from 15 percent to 12 percent of all investiga- 
tors. Engineering increased its share of total Sat 
researchers from 11 to 12 percent, and the social sci- 
ences increased from 16 to 17 percent. The greatest rela- 


tive shift was experienced by the computer sciences, 
whose share doubled to 3 percent. This increase was 
from a small base, however, and computer science 
employment still represents less than 3.5 percent of the 
academic doctoral S&F total. 

The rate of increase in researchers from 1979 to 1991 
substantially exceeded the increase in Sek employment 
in each major field. Consequently, the rate of participa: 
tion in academic K&D increased in all major fields, rising 
from 75 to 82 percent for engineering, and from 64 to 75 
percent for the sciences. (See appendix table 5-15.) But 
during the 1989-91 period, robust increases in the num- 
bers of researchers were confined to mathematics, the 
computer sciences, and engineering: while slight 
declines were evident in the physical, life, and social sci- 
ences, and psychology. Overall employment in the latter 
two fields also fell. 


Women in Academic R&D 


The overall academic employment of female Ph.D. 
holders in set more than doubled from 1979 to 1991, 
jpn from 16.650 to 35.000. (See text table 5-5.) Over 
the same period, the number of women active in RAD 
almost tripled, increasing trom 9761 to 25.207. (See 
appendix table 5-16) Thus, by 1991, women constituted 
20 percent of all academic doctoral scientists and engi- 
neers; in 1979, they had accounted for only 12 percent of 
this group. Reflecting this high rate of employment 
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increase—albeit from a relatively small base—women 
represented almost one-fifth of all academic researchers, 
up from 11 percent a decade earlier. 

The proportions of women researchers remained 
roughly in line with their increased rates of representa- 
tion among the various S&F fields. For example, women 
accounted for 39 percent of those employed in psycholo- 
gy. and 36 percent of those active in psychology 
research; they accounted for 11 percent each of those 
employed in, and active in research in, the computer sci- 
ences. Their lowest rates of representation were in engi- 
neering, where women accounted for 3 percent of aca- 
demic doctoral employment and 4 percent of academic 
doctoral researchers. (However, their representation in 
this field had increased from under 1 percent in 1979.) 

Half of all women doctoral researchers were active in 
the life sciences. Relatively large proportions of women, 
compared to men, were also found in the social sciences 
and psychology. These three areas accounted for 85 per- 
cent of all women researchers in 1991, compared to 57 
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percent of all men. Women’s field concentrations shifted 
somewhat over time. For example, from 1979 to 1991, 
the proportion of women researchers in the physical sci- 
ences and psychology declined by about 2 percentage 
points each, while a slightly larger proportion was found 
in the computer sciences and engineering. 


Minorities in Academic R&D 


The absolute number of minority researchers in 
academia remains low for all groups but Asians. 
However, since 1979, black, Hispanic, and Asian doctoral 
researchers in academia have increased substantially rel- 
ative to their low numbers in 1979: increases for Native 
Americans seem to have been more modest.“ (See text 
table 5-5.) Black S&E researchers increased from 707 in 
1979 to 2,770 in 1991, Hispanic researchers from 931 to 
3,038, and Asians from 3,630 to 13,105. Academic 
employmeat growth followed a similar pattern. (See 
appendix table 5-16.) The increases in these employment 
numbers are quite consistent with the number of S&E 
doctoral degrees awarded to minorities since the late 
1970s, and suggest that a sizeable proportion of young 
minority doctorate-holders have found academic employ- 
ment. (See chapter 2, “Doctoral Degrees in S&E.”) 

Each minority group made very strong gains, in rela- 
tive terms, from 1979 to 1991. The increase in minority 
doctoral employment during this period exceeded 200 
percent. Increases in the number of researchers exceed- 
ed 250 percent—290 percent for blacks, 260 percent for 
Asians, and 226 percent for Hispanics. (See text table 
5-5.) Gains for specific fields varied, with the physical 
and life sciences, mathematics, engineering, and psy- 
chology broadly ranging around the S&é total, while the 
computer and environmental sciences well exceeded it 
(albeit from very low bases). (See appendix table 5-16.) 
As a result, minorities in 1991 comprised 13 percent of 
all S&E doctorate-holders employed in academe—up 
from just below 6 percent in 1979—and 14 percent of re- 
searchers —also up from 6 percent. 

The field concentrations of minority researchers vary 
by race/ethnicity. In 1991, Asians disproportionately 
favored engineering and the computer sciences; lower 
proportions of Asians entered the environmental and 
social sciences and psychology. In this same relative 
sense, Hispanics tended toward mathematics, engineering, 
and the social sciences, and away from psychology and 
the life sciences. Blacks in 1991 tended away from physi- 
cal and environmental sciences, mathematics, and engi- 
neering, and toward psychelogy and the social sciences. 
(The numbers for Native Americans in the sample sur- 
vey are too small to allow for meaningful breakdowns.) 


Note that these numbers derive from a sample survey and should 
be taken not as precise enumerations, but as rough indicators of the 
actual population. This caveat is especially true for data on Native 
Americans because of the very low number of respondents. 
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Academic employment and R&D involvement of women and minority doctoral scientists and engineers 


Total Active in R&D 
Field 1979 1991 a - 1979 1991 won sale-or 
Number Percent Number Percent 
Women 
ee 16,555 934 112 9687 24588 155 
ios ee i heehee ba Nenbaee 34 665 615 74 619 73% 
Minorities 
Total sciences 
a el ae 115.730 138.474 20 74.063 102.766 39 
Se i 5 en 3.653 11,868 225 2.724 10.266 277 
a es 1234 3,996 224 700 2.585 269 
inn ks be neh oenehe betsene ee on 1,180 3,335 183 847 2.613 209 
i ie a ieee oe ae 235 340 45 168 239 42 
Engineering 
i 8 eS 11,519 15,019 3 8.532 12,116 42 
ie ole ee ee, ae 951 3.264 243 906 2.839 213 
CE Ri ee ee ek le . 227 NA ’ 185 NA 
ees cece ehebosbeneedt 273 503 84 BA 425 406 
a i ° . NA ° . NA 
“Omitted because of s all sarmpie si72 
See appendix table 5-16 Scence & Engineenng inchcators — 1993 


Teaching and Research as Primary Work 
Responsibility 


A number of reports in recent years have expressed 
concern that university faculty are unduly focusing on 
research at the expense of teaching.‘ Data from the 
Survey of Doctorate Recipients cannot directly address 
this issue, but can illuminate certain aspects of it. 
Academic doctoral s&& faculty members*’ were asked 
what they considered to be their primary work responsi- 
bility. (See appendix table 5-15.) For all sk fields, the 
numbers reporting their primary work responsibility as 
either teaching or research” have increased since 1979. 
However, the number naming research as their primary 
activity increased much more rapidly (rising roughly 60 
percent between 1979 and 1991) than did the number of 
those naming teaching (which rose about 15 percent). 

Figure 5-9 displays the resulting composition shift. 
The more rapid increase for research over the 1979-91 
period holds for every major field—even those that expe- 
nenced a slowdown or decline in employment in 1991. 
But in most Sct fields, the number of faculty reporting 


‘See chapter 2. “Undergraduate Instruction by Type of Faculty.” for 
a discussion of this issue 

Faculty is defined here as a respondent reporting etaplovment in 
Sth as either a professor, associate professor, assistant professor, 
instructor, or lecturer 

Respondents listing teaching as ther pnmary work responsibility 
often list research as their secondary one. and vice versa. Particularh 
in advanced graduate training. the two are closely intertwined. The 
focus here on primary work responsibility is net meant to imply that 
people are erther researchers or teachers 


primary teaching responsibility has kept pace with full- 
time enrollment and degrees awarded. (See appendix 
table 5-15.) 

Those with primary research responsibility in S&E 
accounted for more than 60 percent of the increase in 
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faculty from 1979 to 1991. For the computer sciences, 
engineering, psychology, and the social sciences, their 
share ranged from 35 to 50 percent; and for the life sci- 
ences, 85 percent. The physical sciences showed no 
employment growth over the period, and no growth in 
the number of faculty with primary responsibility for 
teaching. This field did, however, experience an increase 
in the number reporting primary research responsibility, 
ie., shifting toward research from other endeavors. 


Changing Age Structure of Academic 
Researchers 


A nearly two-decade-long trend toward an aging aca 
demic research workforce is starting to reverse. (See fig- 
ure 5-10.) The average age of academic researchers had 
increased steadily since 1973, the first year for which 
such a series can be constructed. This trend resulted 
from the hiring of many young scientists and engineers 
during the rapid expansion of U.S. higher education dur- 
ing the 1960s, followed by a hiring slowdown. The medi- 
an age of academic researchers rose from 38.9 years in 
1973 to 444 years in 1989, but fell to 43.6 years in 1991. 
The median age of faculty active in research was consis- 
tently higher but followed the same general pattern: 39.4 
years in 1973, 45.4 in 1989, and 44.5 years in 1991. 

Pui another way, in 1973 only 25 percent of academic 
researchers had earned their Ph.D. degrees more than 15 
years earlier, this fraction had risen to 47 percent by 1989, 
but declined to 43 percent by 1991. Conversely, “young” 
researchers (those who had earned their Ph.D. degrees 
within 7 years of the survey date) comprised 47 percent of 
the total in 1973, only 25 percent in 1989, but 31 percent in 
1991. (See figure 5-10.) Among the major fields, the life 
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younger researcher pools, while mathematics has “aged™ 
the most. (See text table 5-6 and appendix table 5-17.) 


Research Participation 

Throughout the 1980s, a growing proportion of aca 
demic scientists and engineers in all age groups report- 
ed that they participated in research. For example, while 
74.2 percent of those within 3 years of receiving their 
doctorates reported such involvement in 1979, by 1989. 


Text table 5-6. 
Academic doctoral researchers by number of years since doctorate award and field 
Years since 

F eemtcd degree 1973 1979 1931 1989 1991 
Percentage in age goup 
Total science and engineering............. 1-7 468 ME 336 25.4 3.9 
pauuaeouekseut >15 25.8 29.8 319 470 426 
Ptvysical sciences... =. 6 cn 1-7 435 26.1 273 216 27.7 
iethccaddumdenundsuese >15 26.5 3.9 3993 59.0 53.3 
it ehebebedeeevidadecousees ox 1-7 559 28.0 28.2 188 288 
inns 6 6Gcnbdebeebaenaene< >15 18.1 25.9 313 569 436 
Computer sciences........... 6. nn 1-7 475 40.3 433 26.8 410 
>15 219 21.0 213 36 35.1 
Enwironmental scences 1-7 46.0 33.6 5.0 26.1 28.4 
>15 247 296 3.1 449 420 
Life scrences 1-7 426 3% 9 KB 292 325 
rer >15 316 37 31.1 420 38.4 
Psychology . 1-7 513 445 392 263 313 
7 >15 219 25.2 26.2 441 431 
Social sciences ....._.. 1-7 51.7 415 375 23.7 294 
>15 234 233 268 440 419 
Engineenng _ 1-7 475 247 227 213 32 
i >15 197 M6 405 55.2 469 
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In 1989, 28 percent of all full-time S&F graduate stu- 
dents (79,595) were supported by research assis- 
tantships. While the total number of full-time S&E grad- 
uate students whose primary source of support was a 
research assistantship continued to rise to a reported 
84,901 in 1991, the upward trend in the proportion of 
students so supported ended in 1989—concluding a 7- 
year trend. For both 1990 and 1991, 27.5 percent of 
full-time graduate S&E students received such support. 

Since 1972, the Federal Government has provided 
research assistantships to an increasing number of 
full-time S&E graduate students (40,609 or 13 percent 
in 1991), but again the proportion so supported has 
remained quite steady, fluctuating around 12 to 14 per- 
cent. Simiiarly, although nonfederal research assis- 
tantships were awarded to an increasing proportion of 
students (from 9 percent in 1979 to 14 percent by 
1989), that proportion also stopped growing in 1989. 
The increase in numbers of nonfederal research assis- 
tantship awards continued, but the proportion 
remained at 14 percent in 1991. (See figure 5-11 and 
appendix table 5-18.) 

Certain S&E fields have higher proportions of gradu- 
ate students supported by research assistantships. The 
physical and environmental sciences and engineering 
continue to have the highest proportions of graduate 
students supported by research assistantships 
(between 38 and 42 percent), followed by the life sci- 
ences (31 percent). In contrast, only 16 percent of 
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mathematics and computer science students had such 
support; this support was evenly split between federal 
and nonfederal sources. Thirteen percent each of the 
students in psychology and the social sciences were 
supported by research assistantships provided primari- 
ly by the nonfederal sector. (See appendix table 5-18; 
for more information on graduate student support, see 
chapter 2.) 


Figure 5-11. 

Proportion of full-time: graduate students in science 
and engineering with research assistantships, 

by source 
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this proportion had risen to 84.6 percent. Similarly, of 
those more than 15 years beyond receipt of their doctor- 
ates, 60 percent reported research involvement in 1979 
compared to 71 percent in 1989. By 1991, this trend 
toward ever-greater proportions reporting research activ- 
ities appears to have leveled off for most fields and age 
groups—and even to have reversed in some cases. The 
attenuation in research intensity is further demonstrated 
by a flattening out of the proportion of graduate students 
supported by research assistantships. (See “Participation 
of Graduate Students in Academic R&D” and appendix 
table 5-18.) 


Federal Support of Academic S&E 
Researchers 


Although the Federal Government's share of academic 
R&D funding declined from 67 percent in 1979 to about 
60 percent in 1989, a rising proportion of all academic 
researchers reported receiving at least some federal sup- 
port for their work. These increases were experienced 
by all age groups and all major fields (except the social 
sciences, which maintained their 1979 level of federal 
support). By 1991, the federal share dropped still further 


to 58 percent, and the rate of increase in federal funding 
slowed. The decade-long trend of increasing proportions 
of academic researchers with federal support stopped, 
although remaining generally higher than a decade ago 
for most fields and age groups. (See appendix table 5-19.) 

Overall, the 1991 decline in the federally supported 
proportion occurred among younger doctorate-holders, 
especially those in the physical, life, and social sciences, 
and in psychology. Mathematics (which traditionally has 
had a low proportion of federally supported re- 
searchers), the environt © ital sciences, engineering, 
and—to a lesser degree—the computer sciences are 
exceptions to the general trend. 

Notable field differences exist in the proportion of 
researchers with federal support. Above the mean of 58 
percent for all seb are the environmental, life, and physical 
sciences, and engineering, which ranged from 65 to 75 per- 
cent. The computer sciences, mathematics, psvchology, 
and the social sciences are below the mean, ranging 
from 29 to 48 percent. (See figure 5-12.) For related 
information on federal support of academic researchers, 
see “Multiple Versus Single Agency Support” and 
“Participation of Graduate Students in Academic R&D.” 
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Figure 5-12. 
Academic doctoral researchers reporting 
federal support, by field: 1991 
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Outputs of Academic R&D: 
Scientific Publications and Patents 


A principal output of university research is new knowl- 
edge—an output that is difficult to conceptualize and 
measure. Nonetheless, several useful indicators of the 
outputs of academic R&D do exist. One such indicator is 
publication counts—that is, the number of scientific and 
technical journal articles. Another useful indicator is the 
number of patents awarded to U.S. universities.“’ Both of 
these indicators are discussed below. For a discussion of 
another main output of academic institutions—educated 
students—to which research contributes, see chapter 2, 
“Higher Education in Science and Engineering.” 


World Literature in Key Journals* 


U.S. Share. Scientists and engineers in the United 
States continue to produce a substantial share of the 
world’s new S&E knowledge. In 1991, U.S. authors pub- 
lished over 142,000 articles in the natural sciences and 
engineering in a set of 3,500-plus journals; over 70 per- 


See chapter 6, “Patented Inventions,” for a discussion of the limita- 
tions of patents data. 

“These publication count data are based on a set of more than 3.500 
influential technical journals tracked by the Institute of Scientific 
Information in its Science Citation Index. (The social sciences and 
social aspects of psychology are not captured in this data set.) It is 
unclear what share of the total world sot publications is represented 
by these journals. However, this set is generally considered to be rep- 
resentative of scientific and technical journals of the Western industri- 
alized nations, though less so of other countries. Publication counts 
before 1981 are based on a smaller set of journals—around 2,100—but 
many of the relative trends (i.e., field or country shares) appear to 
hold true across the two data sets. 
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cent of these publications came from the academic sec- 
tor. The total number of U.s. articles accounted for 35 
percent of the world’s output in these fields. This propor- 
tion represents a modest decline of about 1 percentage 
point since 1981, continuing a gradual decline in wor'd 
share—albeit at an attenuated rate—that began during 
the 1970s. (See appendix table 5-21.) 

This trend has not affected all fields equally. (See fig- 
ure 5-14 and appendix table 5-21.) In chemistry, the 
United States had, by 1991, regained the world share it 
held in the early 1970s (23 percent); in mathematics, the 
U.S. national share increased, even though its actual 
number of articles declined. largely because of a still 
greater decline in the number of articles in this field 
worldwide. The reverse held true for clinical medicine. 
In this field, world publications increased more rapidly 
than did the number of U.s. articles, leading to a declin- 
ing U.S. share. In engineering and technology, both U.s. 
articles and U.s. world share declined strongly during 
the 1980s, losing almost 5 percentage points. Gains and 
losses for some specific specialties (some of which have 
relatively few publications) are even more pronounced. 
(See appendix table 5-22.) 

Nevertheless, the U.S. share of world publications far 
exceeds that of any other single cou ‘try. (See appendix 
table 5-23.) In 1991, the United States produced 


@ 23 percent of the world literature in chemistry, 
@ 30 percent of physics publications, and 


@ between 36 and 42 percent of the literature in the 
other major fields. 


Foreign Country Shares. Scientists and engineers in 
the United States, the European Community, and Japan 
produce about two-thirds of the world’s influential S&E 
literature. As noted earlier, the United States accounts 
for the largest share—35 percent of the total in 1991. 
Authors in all European Community countries together 
accounted for another 27 percent, with the United King- 
dom, Germany, and France contributing 7.5, 6.8, and 4.8 
percent, respectively. Japan provided 8.5 percent of the 
world’s total scientific and technical literatu e in 1991; 
the former Soviet Union contributed about 7 percent. 
Canada accounted for the next largest share of the litera- 
ture at 4.2 percent. Sweden, the Netherlands, Australia, 
and India contributed about 2 percent each, as did the 
Eastern and Central European countries outside the for- 
mer Soviet Union (down from 3 percent a decade earli- 
er). About 1 percent each was contributed by 
Switzerland, China, and the Asian newly industrialized 
countries group. The latter two entities increased from 
0.5 and 0.2 percent, respectively, in 1981.° (See 
appendix table 5-23.) 


Note that for developing and kastern and Central -uropean coun: 
tries, absolute levels of publications are less important than the trends 
in their publications behavior—ie., declines for the former during the 
1980s, and strong increases (rom a small base) for some of the latter. 
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Multiple Versus Single Agency Support* 


Between 1979/81 and 1989/91, there were increases 
in both the number and percentage of S&E doctorate 
recipients employed at U.S. universities and colleges 
who reported that they received support from the 
Federal Government. These increases occurred in all 
S&E fields. While the majority (80 percent in 1979/81) 
of academic S&E doctorate-holders reported receiving 
support from only a single federal agency, a growing 
proportion—28 percent in 1989/91, compared to 20 
percent in 1979/81—reported support from a number 
of agencies. (See figure 5-13 and appendix table 5-20.) 

The extent of reliance on single or multiple agency 
support varied considerably by S&F field both in the 
earlier and later periods. However, all S&E fields 
reported an increase in the percentage of those feder- 
ally supported academic doctorate recipients support- 


ed by more than one agency: The largest increase 
occurred in the computer sciences, which rose from 
about 21 to 39 percent. 

Mathematical scientists, life scientists, social scien- 
tists, and psychologists report the highest percentage 
(about 80 percent in 1989/91) of reliance on a single 
agency for their support. The lowest percentage was 
reported by federally supported academic doctoral 
environmental scientists (50 percent). The remaining 
fields—physical sciences, computer sciences, and 
engineering—fall somewhere in between these pro- 
portions. 


*The data underlying this discussion are derived from a question in 
the biennial Survey of Doctorate Recipients. Respondents are asked 
whether they have received federal support and, if so, from which 
agencies. 


Figure 5-13. 
Proportion of federally supported academic doctorate-holders reporting multiple agency support, by field 
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NOTE: Each bar represents data for two years — either 1979 and 1981 or 1989 and 1991 
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Figure 5-14. 
Percentage change in U.S. share of worid 
scientific and technical articles: 1981-91 
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NOTE: There was no change in share for biology articles. 
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international Coauthorship. A strong trend is evi- 
dent toward international coauthorship.” (See appendix 
table 5-24.) In 1991, 11 percent of the world’s scientific and 
technical articles were internationally coauthored, double 
the proportion of a decade earlier. This rise in coauthor- 
ship has affected all major fields. The earth and space sci- 
ences, mathematics, and physics have the largest percent- 
ages of coauthored articles. (See figure 5-15.) 


U.S. Publication Patterns. Over 60 percent of U.S. 
publications in 1991 were in the life sciences, particularly 
in clinical medicine and biomedical research, which 
together accounted for more than half of U.S. publica- 
tions. (See figure 5-16.) This proportion for the life sci- 
ences as a whole has been roughly stable over the past 
decade. (See “U.S. and World Publications in Biology 
and Biomedical Research” and appendix table 5-21.) 

The sectoral origins of U.S. science and engineering 
articles remained quite stable during the 1980s with a 
marginal increase in the academic share and offsetting 
declines in those of FFRDCs and the Federal 
Government. About 70 percent of U.S. articles are pub- 
lished by academic researchers. Industry, the Federal 
Government, and nonprofit organizations contribute 7 to 
9 percent each, while about 3 percent are written by 
FFRDC researchers. (See appendix table 5-25.) 


“In international coauthorship situations, at least one author's insti- 
tutional affiliation is in a country different from that of the other(s). 
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Figure 5-15. 
internationally coauthored articies as a 


percentage of all articles 
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In all fields except mathematics, academic authors 
supplied between 60 and 77 percent of U.S. articles. In 
mathematics, they account for 92 percent of the arti- 
cles.*! Major field concentrations for industry are found 
in engineering and technology (24 percent of total) and 
in chemistry and physics (17 percent each); major con- 
centrations for the Federal Government are in earth and 
space sciences (15 percent) and biology (14 percent); for 
nonprofit organizations in clinical medicine (13 percent); 
and for FFRDCs in physics (13 percent). 


industry-University Coauthorship. An increasing 
share of the articles published by industry-based authors 
is coauthored with academic scientists or engineers. In 
1991, 35 percent of all industry articles had such coau- 


thorship—up from °? percent a decade earlier.** The 
trend toward inc /uiversity coauthorship affected all 


“Coincidentally, this eid has a relatively small share of researchers 
supported by federal funds. 

“This increase in university-industry cooperation is also reflected in 
funding patterns (see chapter 4 and “Financial Resources for 
Acad«: ic R&D,” earlier in this chapter). 
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Figure 5-16. 
Distribution of U.S. publications by field: 1991 
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major fields, albeit to varving degrees. Industry articles in 
chemistry and engineering and technology were least 
likely to have a university-based coauthor (24 and 26 per- 
cent, respectively); those in the life science fields and 
mathematics were the most likely (40 to 19 percent). 
(Seco appendix table 5-26.) 


Patents Awarded to U.S. Universities 

Lhe recent marked increase in university patenting 
may be seen as an indicator of the potential role academ- 
i RAD can play in the development of technology and 
new products. The number of patents awarded to U.s. 
universities, which had increased sharply during the 
1Y80s, continued to rise through 1991. (See appendix 
table O27.) In 1991, 1.324 patents were awarded to aca- 
demic institutions, compared to a previous high of 1,218 
in 1989 and only 437 a decade earlier. The inerease dur- 
inv the eighties was partly due to a 1980 change in U.s. 
patent law that allows academic institutions and small 
businesses to retain title to inventions resulting from fed- 
erally supported R&D. In 1991, U.S. universities received 
Ld percent of all Us. patents, up trom 1.0 percent in 
LUS0. 

University patenting increased particularly rapidly dur- 
ing the second half of the 1980s and early 1990s. In fact, 
2} percent of all patents issued to tos. academic institu. 
tions since 1969 were awarded in 1990-91. Prominent 
among higher volume patent classes in the late 1980s 
and early 1990s were those involving health or biomed 
cal applications: superconductor technology: chemistry; 
optics; and computing, clectronics, and information pro- 
cessing. (See appendix table 5-28.) 

lhe 100 largest research universities account tor a 


Chapter 5. Academic Research and Development 


U.S. and World Publications in Biology 
and Biomedical Research 

There has been a shift in the relative field distri- 
butions between articles in biomedical research and 
those in biology, both in the United States and 
worldwide. Between 1981 and 1991, the number of 
biomedical articles published worldwide has 
increased by 24 percent, and by 22 percent for U.S. 
authored articles. In contrast, articles reporting 
biology research results fell by 9 percent world- 
wide, and by 11 percent for the United States. (See 
figure 5-17.) 


Figure 5-17. 
Shifts in U.S. and world articles in biomedical 
research and biology 
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large share of all academic patents—about 85 percent in 
the 1987-91 period. (See appendix table 5-27.) This pro- 
portion was an increase over the 1969-75 period, when 
these institutions received 75 percent of the patents. 
Between 1969 and 1975, only 64 of the top 100 received 
patents: in the 1987-91 period, this number rose to 8s. 

However, a composition shitt has taken place in aca- 
demic patenting. The verv largest (lop 20 by research 
volume) and very smallest institutions (.c., those ranked 
below 100) are being awarded a smaller share of all aca- 
demic patents than in the past, while institutions ranked 
21 to 100 have growing shares. (See figure o-18.) This 
trend reflects relatively stronger growth in patenting 
activity among the middle-ter institutions. 


Science & Engineering Indicators — 1993 
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Although no nationally representative data are avail- 
able on the revenues universities derive from patents 
and licensing arrangements, a recent General 
Accounting Office study (GAO 1992) reported on the 
patent and licensing activities of 35 major research uni- 
versities: 

“During fiscal years 1989 and 1990, the 35 universi- 
ties in our study (1) granted 197 exclusive licenses and 
339 nonexclusive licenses and (2) earned $29.3 million 
from exclusive licenses and $52.7 million from nonex- 
clusive licenses. Typical licensees given exclusive 
rights to commercialize the results of federally funded 


income From Patenting and License Arrangements 


research were small U.S. businesses; and most exclu- 
sive licensees were pharmaceutical, biotechnology, or 
other medical companies. 

“Most of the surveyed universities substantially 
expanded their programs to transfer technology to 
businesses during the 1980s. Twelve universities 
formed an office to license technology, while many 
others expanded and/or reorganized their technology 
licensing activities. For example, Harvard University, 
which granted its first license in December 1980, 
granted 39 licenses in fiscal year 1990.” 


Figure 5-18. 
Proportion of patents granted to academic 
institutions, by volume of institutions’ 
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Highlights 


INTERNATH NAL ECONOMIC COMPARISONS 


¢ 


The " nited States economy continues to rank as 
the world’s largest and Americans continue to 
enjoy one of the world’s higher standards of liv- 
ing—but other parts of the world are quickly 
catching up. Japan's economy was less than 10 per- 
cent of the U.s. economy in 1960 and trailed most of the 
major European economies. By 1991, it had grown to 
be the world’s second largest economy with a gross 
domestic product (GDP) twice that of former West 
Germany and equal to nearly 42 percent of U.s. GDP. 
Several Asian newly industrialized economies show 
similar patterns of growth starting in the late 1970s. 


Comparisons of general levels of labor productiv- 
ity, measured by GDP per employed person, 
again show other parts of the world quickly clos- 
ing in on the U.S. lead position. For the past 40 
years, labor productivity growth in the United 
States consistently fell below almost all other 
countries. In 1960, U.s. GDP per employed person was 
twice that calculated for most European nations and 
four times that calculated for Japan. By 1991, the gap 
closed significantly with labor productivity rates in 
many European nations and in Japan rising to 70 to 90 
percent of the U.s. rate. 


THE GLOBAL MARKETS FOR U.S. TECHNOLOGY 


e 


The United States continues to be the leading pro- 
ducer of high-tech products, responsible for over 
one-third of total OECD-country production. 
However, its leadership is being challenged by Japan, 
which increased its share of OECD production of 
high-tech products during the 1980s and early 
nineties. 


The market competitiveness of U.S. high-tech 
industries varies by industry. Of the six industries 
that form the high-tech group, three U.s. industries— 
those producing scientific instruments, drugs and 
medicines, and aircraft—gained global market share 
during the 1980s and maintained that market share 
into the early 1990s. 


Despite a domestic focus, U.S. producers are 
important suppliers of high-tech products in 
overseas markets. (.s. producers led all other 
countries in high-tech exports in 1981 and 1982. 
Japan's exports of high-tech products surpassed the 
United States and Germany in 1983 and continued to 
lead by varving margins through 1992. 


Of the six industries that form the high-tech 
group, in 1992 Japan led the world in exports of 
communication equipment, computer equipment, 


electrical machinery, and in exports of scientific 
instruments. The United States was the leading 
exporter in only one high-tech industry—aircraft. 


By the mid-1980s, U.s. ‘high-tech exports failed 
to keep pace with U.s. imports of high-tech 
products producing persistent annual trade 
deficits through 1992. Trade in computer and 
office equipment shows the greatest deficit of all the 
high-tech areas. Nevertheless, three of the six high- 
tech areas continue to show trade surpluses: aircraft, 
pharmaceuticals, and scientific instruments. 


@ The United States is the world’s largest national 


market for high-tech products, and U.S. demand 
for high-tech products was increasingly met by 
foreign suppliers during the 1980s and into the 
early 1990s. Import penetration of U.s. high-tech 
markets was deepest in the computer industry. 
Foreign suppliers also gained market share in the 
other industrialized countries, including Japan. Stull, 
as of 1992, Japan continues to be the most self-reliant 
among the major industrialized countries. 


INDUSTRIAL R&D 


@ Despite a two-decade decline in its internation- 


al share of all industrial R&D, the United States 
remains the leading performer of industrial R&D 
by a wide margin. In 1990, it surpassed the com- 
bined K&D performed in the industrial sector of the 
12-nation European Community and was twice that 
performed in Japan. 


R&D is highly concentrated in a few industries. 
Eight industries accounting for over 80 percent 
of all industrial R&D performed in this country. 
The aircraft and communications equipment indus- 
tries have consistently been the largest performers of 
R&D in the United States. The U.s. computer and office 
equipment industry has taken over third place from 
the U.S. motor vehicle industry. In 1990, these three 
industries together accounted for over 50 percent of 
all industrial R&D performed in the United States. 


Since 1973, R&D performance in Japanese manu- 
facturing industries grew at a higher annual rate 
than in the United States, and, since 1980, faster 
than all other industrialized countries. Industrial 
R&D in Japan is less concentrated than in the United 
States, with its top three Keb performing industries— 
communications equipment, rotor vehicles, and elec- 
trical machinery—accounting for around 40 percent of 
national total. Rapid R&D growth in the Japanese com- 
puter and office equipment industry during the 1970s 
and 1980s moved that industry among that country’s 
top five industry pertormers by 1984. 
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@ German industrial R&D appears to be somewhat 
less concentrated than in the United States, but 
more so than in Japan with the same five indus- 
tries leading the country in r&éd performed. The 
five industries included in the top five R&D performers 
in Germany mirror German commercial prominence 
as a supplier of world-class machinery and motor vehi- 


cles. 
PATENTED INVENTIONS 


@ The number of u.s. patents granted to Americans 
has been in. reasing since 1983. Patent activity by 
foreign inventors in the United States generally fol- 
lowed the U.S. trend, although the number of foreign- 
origin patents granted declined somewhat slower dur- 
ing 1976-83 and increased somewhat faster after 1983. 


@ Foreign patenting in the United States is highly 
concentrated by country of origin. Inventors from 
the European Community and Japan account for 80 
percent of all foreign-origin U.s. patents. Newly indus- 
trialized economies, notably Taiwan and South 
Korea, dramatically increased their patent activity in 
the United States during the last half of the 1980s. 


@ Recent patent emphases by foreign inventors in 
the United States show widespread international 
focus on several commercially important tech- 
nologies. Japanese inventors are earning patents in 
information technology, as are German inventors, 
who—along with French and British inventors—are 
also showing high activity in biotechnology-related 
patent fields. Inventors from Taiwan and South Korea 
are earning an increasing number of U.S. patents in 
technology fields related to communications and elec- 
tronic componentry. 


@ Americans successfully patent their inventions 
around the world. In 1990, countries in which U.s. 
inventors received more patents than other foreign 
inventors included Japan, the United Kingdom, 
Canada, Mexico, Brazil, and India. 


@ International patenting in three important tech- 
nologies—robot technology, genetic engineering, 


and optical fibers—underscores the inventive 


Introduction 
Chapter Background 


Perhaps not since the launch of Sputnik has the national 
spotlight been turned so directly on the U.S. science and 
technology (S61) enterprise. In these post Cold War times, 
policy interests have become more narrowly focused on the 
economy and on finding ways to improve U.S. economic 
competitiveness. U.S. science and engineering, and the tech- 
nologies that emerge from related research and develop 
ment (R&D) activities, are widely recognized tor their contn 
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activity by the United States, Japan, and Europe 
in these diverse technologies. Based on an exami- 
nation of national patenting activity in 33 countries 
during 1980-90, Japan and the United States lead in 
overall technological activity in these areas. 


@ U.S. position in these technologies improved 
over the decade as did the technological signifi- 
cance of its inventions corrected for level of 
activity. However, Japan's contribution to the most 
significant work in these technologies is lower than 
would be expected based on its high level of activity. 
Great Britain and France appear to produce signifi- 
cant new technologies at a higher rate than would be 
expected based on their somewhat lower level of 
international patent activity. 


SMALL HIGH-TECH BUSINESS 


@ Since the late 1980s, there has been a sharp 
decline in new high-tech company formations. 
This decline follows a period of rapid formation of 
such companies during the second half of the 1970s 
and into the early 1980s. 


@ Software .evelopment companies exhibited strong 
relative share growth in the early 1990s. Other 
fields experiencing such growth were the biotechnolo- 
gy, advanced materials, and photonics and optics fields. 


@ Fewer than 7 percent of U.S. high-tech compa- 
nies are foreign owned—down from 11 percent 
just 2 years ago. The United Kingdom is the largest 
foreign holder of U.S. high-tech companies, followed 
by Japan and Germany. 


NEW HiGHu-TECH COMPETITORS 


@ Several Asian countries seem headed toward 
future prominence in technology development and 
a greater presence in global high-tech product 
markets, when a mode! of leading indicators is applied. 
Taiwan and South Korea seem best positioned to 
enhance their stature in technology-related fields and 
their competitiveness in high-tech markets. Malaysia 
and Singapore could be the next Asian “tigers,” 
although their technological base seems narrower than 


butions to the Nation’s economic growth. Accordingly, thes 
are an important component of the national effort to improve 
LS competitiveness. 

Bolstered by both private and public investments in RAD, 
American technological innovation spawned new indus 
tnes, revolutionized the way raanulacturing was done, and 
raised expectations as to how proceets should pertorm. ts. 
leadership in the world economy was made possible by 
these many technological breakthroughs—breakthroughs 
made possible by the U.S. science and engineering enter 
prise during the 20th century 
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Today, the United States is facing a challenging glob- vr 
al economy that becomes more dynamic and more - nd a 
intensely competitive with each passing decade. ' 
Previously, the lower paid, labor-intensive U.S. indus- 


tries fell victim to global competition: by the 1980s, how- = 
ever, U.S. high-tech industries also found intense foreign i Gop 
competition—especially from Japan and Europe—in — ) 
markets they once dominated. And in the 1990s, compe- =r 
tition opened on yet another front as several of the ' 7 
newly industrialized economies (NIEs) posed new chal- ieee as atria : 
lenges for U.S. producers. ; . 
A nation’s competitiveness is often evaluated on its eee seoeees 
abii..”" to produce goods that find demand in international : q 
markets while simultaneously maintaining, if not improv- | a rimaanetilinneenens eavnannneaneueesipiasiel 
ing, the standard of living of its citizens.' Although the i of ee tee 
U.S. economy continues to rank as the world’s largest, a i = ee 
and Americans continue to enjoy one of the world’s high- > United Kingiom 
er standards of living, many other parts of the world are ; ee Sa 
closing the gap. (See figure 6-1 and appendix tables 6-1, ° 1960 1965 1970 1975 1980 1985 1990 
6-2, and 6-3.) The Clinton Administration makes the con- 
nection between investments in technology and a grow- Index 
ing economy. Clinton and Gore (1993) envision 120 abenenin 
“...more high-skill, high-wage jobs for American 100 |____United States J 
workers; a cleaner environment where energy effi- 
ciency increases profits and reduces pollution; a P : 
stronger, more competitive private sector able to * se ae 
maintain U.S. leadership in critical world markets: F United Kingdom | STEN ese 
an educational system where every student is chal- OD fo EES AR eag AE...-----. nies 
lenged; and an inspired scientific and technological } ane” : 
research community focused on ensuring not just 40 wt — , : ae 
our national security but our very quality of life.” yw —— ae : 
The new administration sees the U.S. science and tech- = | | aaa 
nology enterprise as a resource that needs to be more iene _— : 
committed to American industry in order that a new U.S. 
paradigm for economic growth might be defined that mo SS DS SCH 
can enhance U.S. industrial competitiveness and sustain index 
the U.S. standard of living. This chapter brings together 120 
information on S&T activities that are key elements of q GOP per employed person 
this new paradigm: technology development and the 100 |__United States 
competitiveness of U.S. industries that rely on and com- 
mercialize new technologies. . ’ 
Germany .a=--2°" Sse 
Chapter Organization a 
U.S. technology development and competitiveness span aa — a — : 
activities and issues that cannot be fully explored in the » |... A A -s 
present context. Instead, this chapter presents several we WP aaa 
sets of indicators that provide measures of national activi- ral >» ati : 
ty and international! standing in these areas. a ae 
The chapter begins with a review of market competitive- ; ; 
ness of manufactured products that incorporate high levels 9D SRE RAR a ae e 
of R&D, produced by what are often referred to as high- = SE eS SS ee lO CU 


NOTES. Index United States = 100 Country GDPs were calculated 
using 1985 purchasing power panties German data are for the former 
Wesi Germany only 
See appendix tables 6-1. 6-2. and 6-3 
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‘For further discussion of internatioaal competitiveness, see 
Competitiveness Policy Council (1993) and oTA (1991) 
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technology industnes.- The importance of high-tech indus- 
tries is linked to their high R&D spending and performance 
which produce innovations that “spill over” into other eco- 
nomic sectors and because they help to train new scien- 
tists, engineers, and other technical personnel (see Tyson 
1992). The market competitiveness of a nation’s technolog- 
ical advances, as embodied in new products and processes 
associated with these industries, can also serve as an indi- 
cator of the effectiveness of that country’s S&T enterprise. 
The marketplace provides a commercial-based evaluation 
of a country’s use of science and technology. 

U.S. high-tech industry competitiveness is assessed 
through an examination of market share trends in both 
foreign and domestic markets. New data on royalties, 
fees, and technology agreements are used to gauge U.S. 
competitiveness in terms of intangible (intellectual) 
property and technological know-how. 

The chapter then explores several leading indicators 
of technology development (1) via an examination of 
changing emphases in industrial R&D among the major 
industrialized countries and (2) through an extensive 
analysis of patenting trends. New information on interna- 
tional patenting trends of U.S. and foreign inventors in 
several important technologies is preserted. 

The role of small business in high-technology indus- 
tries is then next, primarily through new information on 
the technology areas that seem to attract new business 
formations, generate employment and export activity, 
and attract foreign capital. 

The chapter concludes with a presentation of new lead- 
ing indicators that are designed to identify those countries 
with the potential to become more important exporters of 
high-technology products over the next 15 years. Current 
data availability limits this discussion to an examination of 
the high-tech potential of several Asian countries. 


The Global Markets for U.S. Technology 


In the United States, two parallel developments—the 
growing import penetration of the U.s. domestic market 
and the recent large U.s. trade deficits—have drawn 
attention to the country’s ability to compete in an 
increasingly international economy. In particular, recent 
challenges to U.s. leadership in many high-technol yy 
product raarkets have led policymakers to examine the 
role of the Nation's S&T in supporting and restosng Us. 
competitiveness in the global marketplace. 


There is no single preferred metho tology for identitvin, byw dtech 
nology industries. The identification of these i. ‘ustries considered o 
be high-tech has generally relied on some calculation co war ' 
intensities. RAI) intensity, in turn, has typically be a determacd & 
comparing industry kal expenditures and/or numbers of technical 
people employed (.c., scientists, engineers, technicians) to i dustry 
value added or the total value of its shipments. In this chapter. high 
tech industries are identified using Ral) intensities cdlculated by the 
Organisation tor Economic Co-operation and Development 


e 159 


There are several reasons why high-tech industries 
are important to the Us. economy. 


¢@ Hightech firms are associated with innovation. Firms 
that are innovative tend to gain market share, create 
new product markets, and/or use resources more pro- 
ductively. These characteristics have helped to make 
high-tech industnes the fastest growing industnes in 
the United States (ITA 1993, p. 21, tables 3 and 4). 


@ High-tech firms are associated with high value- 
added manufacturing and success in foreign mar- 
kets which helps to support higher compensation to 
the production workers they employ. 


@ Industrial R&D performed by high-tech industries 
has other “spillover” effects. These effects benefit 
other commercial sectors by generating new prod- 
ucts and processes that can often lead to productiv- 
ity gains, business expansions, and the creation of 
high-wage jobs (Tyson 1992; rrA 1993; and Hadlock, 
Hecker, and Gannon 1991). 


This section discusses U.S. “competitiveness,” broadly 
defined here as the ability of U.s. firms to sell products in the 
international marketplace. The concept of a nation’s global 
competitiveness incorporates both its ability to export and 
compete against imports in the home market. The analysis 
in this section relies heavily on data compiled by the 
Organisation for Economic Co-operation and Development 
(OECD) and the U.s. Department of Commerce (Doc). 

Throughout this section, industry-ievel data are present- 
ed for manufactured goods disaggregated by (1) those 
industries producing products that embody above average 
levels of R&D in their development (hereafter referred to as 
the high-technology industries and consisting of the aircraft, 
office and computing equipment, communications equip- 
ment, drugs and medicines, scientific instruments, and 
electrical machinery industries) and (2) all other manufac- 
turing industries. (See “OECD High-Tech Industries.”) 


The importance of High-Tech Production 
High-technology goods are driving national economic 
yrowth in all of the major industrialized countries.‘ The 
x. Imarkei for hightech manulactured goods is grow- 
ing | a taster rate than that for other manufactured 


For more extensive data on average earnings. sew fs (141) and 
Hadlock. Hecker, and Gannon (11) 

The OCD member countries account tor oor 75 percent of gkrhal 
exports of manufactured goods and account of an even higher per 
centage of overall experts of high-technology qeaeds (71. TMS), po 
The 24 countries reporting te of ct are Australia, Austria, Belgium 
Luxembourg. Canada. Denmark. Finland, France. Greece, loeland 
Ireland, Italy. Japan. The Netherlands, New Zealand. Norway. 
Portugal. Spam, Sweden, Switzerland. Turkey. the United Aingdom 
the United States, and Grermans 

Ahtheugh the ore h 
Increasing IMmpertance m technology markets—tmest notabh. the bast 


data set dees net mclude several nations of 


Asian newly industralized coomomies—it dors provide a reasonable 


approximation of global commercial actrvity 
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OECD High-Tech industries 


OECD identifies six industries as being high-tech 
based upon their high R&D intensities (RAD spend- 
ing as a percentage of production) relative to other 
manufacturing industries. The OECD definition was 
established in 1986 using 1980 data. A review was 
conducted in 1992 and the rankings remained 
unchanged. Following are the six high-tech indus- 
tries, their International Standard Industrial 
Classification codes, and their 1980 R&D intensities. 


Also included are similar data for the “other manu- 
facturing industries” used throughout this chapter. 
Isic R&D 

industry code intensity 
High-technology 
Aircraft (Aerospace)............. 3845 22.7 
Office & computing equipment . . 3825 175 
Communications equipment... _ _ _ . 3832 10.4 
Drugs & medicines ............. 3522 48 
Scientific instruments............. 385 48 
Electrical machinery ..... 383 exci. 3832 44 
Other manutacturing 
Motor vefucies................. 3843 27 
Chemicails.......... 351 and 352. 

exci. 3522 23 
Average for ail other - 


The OECD categorization used here is more restric- 
tive than the Department of Commerce's Doc-3 
high-technology system, which includes space tech- 
nologies and ordnance as high-tech industries. (See 
ITA 1983.) Note that the other manufacturing catego- 
ry does not include agriculture or services. 


goods. In constant dollar terims (1980), production of 
high-tech manufactures by the major industrialized 
nations more than doubled from 1981 to 1992, while pro- 
duction of other manufactured goods grew by just 29 
percent. (See figure 62 and appendix table 64.) Output 
by the high-tech industries represented under 14 per- 
cent of global production of all manufactured goods in 
1981; by 1992. it represented 22 percent. 


The conversion inte constant 148" dollars is done in two steps 

1. Product-spevific pnice change< are removed by deflating the cur 
rem dollar series for each product category (for all countries) 
using the orice index (198) < 1.) for the corresponding indus 
try in DRI/ McGraw-Hill’ 4350}sector interindustry model of the 
LS. economy 

2. All production series for a given coun‘ry are multiplied by the 
ratio of the | .s. gross national product deflater to the cress 
domestic product deflator «. that country to adjust for differences 
in the general rate of inflation 
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Figure 6-2. 
Glozai production of manufactured products 
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In the increasingly competitive environment of the 
1980s, the United States, Japan. and Europe moved re- 
sources toward the manufacture of higher value. tech- 
nology-intensive goods. In 1989, Us. high-tech manufac- 
tures represented 23 percent of total U.s. production of 
manufactured output, up from 15 percent in 1981. High- 
tech manufactures accounted for 16 percent of the Euro 
pean Community's total production in 1989, compared 
with 12 percent in 1981. But the Japanese economy led 
all other major industrialized countries in its economic 
reliance on the high-tech industries: this emphasis on 
high-tech manufacturing began to increase rapidly dur- 
ing the middle part of the decade. In 1981, high-tech 
manufactures represented nearly 17 percent of total 
Japanese production, rose to 22 percent in 1984, and 
then to 29 percent in 1989. (See figure 63.) 

Data for the 1990s indicate a continued focus on high- 
tech manufactures among the industrialized countries. 
Hightech manutactures are estimated to represent 27 
percent of U.S. manufacturing output in 1992, 31 percent 
of Japan's and nearly 17 percent for the European 
Community countnes. 


Share of Worid Markets 


Throughout the 1980s and early 1990s, the United 
States was the world’s leading producer of high-tech 


Data 1 ‘ aned 1°*"2 are estimates by Det) Met raw Pil 
Wi Ad tT arke t «hy ares ATh ¢ pat Lote +l trsrtg’ «hata of roreetin Tm 
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Figure 6-3. 
High-tech industries’ share of total manufacturing 
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"oe ts. responsible for over one-third of total OECD 
“mer country production during this period. U.S. 
¢ ee market share did decline slightly from 1981 to 
™). but the trend was reversed beginning in 1987. The 
~ share of the world market for high-tech manufac- 
tures grew irregularly after 1986, but by 1992, U.s. high- 
tech industries were able to recapture the market share 
lost during the early eighties. 

While U.S. high-tech industry struggled to maintain 
market share during the 1981-92 period, Japanese high- 
tech industries followed a path of steady gains in global 
market share. In 1992, Japan accounted for nearly 28 
percent of OECD member country production of high- 
tech products, moving up 6 percentage points since 
1981. (See figure 6-4.) 

Japanese gains in global high-tech markets appear to 
have been made at the expense of European Community 
high-tech producers: Germany, France, and Italy all 
steadily lost market share between 1981 and 1992. 
British high-tech producers actually gained market 
share for most of the eighties before joining the general 
European high-tech decline in 1989. This decline contin- 
ued into the early nineties, ultimately leaving British pro- 
ducers with a smaller share of OECD high-tech produc- 
tion in 1992 than it held in 1981. 
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Global Competitiveness of Individual 
industries 


The market competitiveness of individual U.s. high- 
tech industries varies. Of the six industries that form 
the high-tech group, three U.S. industries—those pro- 
ducing scie‘tific instruments, drugs and medicines, and 
aircraft—gained global market share during the 1980s 
and maintained that market share into the early 
nineties. The U.S. computer and office equipment indus- 
try experienced the sharpest drop in global market 


Figure 6-4. 
Region/country share of global high-tech market 


Percent 


6 ———— 


10 | 


1981 1983 1985 1987 1989 1991 


Percent 
40 BO 660666655665656666565586 


20 


European Community 


United States Japan 


NOTE: German data are for the former West Germany only. 


See appendix table 6-4. Science & Engineering Indicators — 1993 


162 ¢ 


share of the six high-tech industries during the 1980s, 
but also rebounded with the greatest gain in market 
share in the early nineties. (See figure 6-5.) 

As of 1992, the United States was still the world’s lead- 
ing producer in the following high-tech industries: 


¢ aircraft (accounting for 60 percent of OECD produc- 
tion), 


@ scientific instruments (48 percent), 
@ computers and office ecuipment (43 percent), and 
@ pharmaceuticals (30 percent). 


Where it once dominated high-tech markets both at 
home and abroad, U.S. leadership is: now challenged on a 
variety of fronts. In the following sections, U.S. competi- 
tiveness is examined first in foreign markets and then in 
the U.S. home market. 


Figure 6-5. 

U.S. global market share, by high-tech industry 

Percent 
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Exports Share of Total Manufacturing 
Produrtion 


Historically, the United States has not been an econo- 
my oriented toward serving foreign markets. In fact, in 
the United States, exports account for a smaller propor- 
tion of manufacturers’ shipments than in any other 
industrialized economy. (See figure 6-6.) From 1981 to 
1985, U.S. producers exported about 8 to 9 percent of 
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Figure 6-6. 
Ratio of exports to production for all manufacturers 
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total domestic production; this proportion rose to nearly 
13 percent in 1992. By comparison, during this same 
period, Japanese producers exported 15 percent of that 
country’s domestic production in 1981, 18 percent by 
1986, and 22 percent by 1992. European Community 
manufacturers exported even higher percentages of 
domestic output. In 1981, European producers exported 
31 percent of total production, over 38 percent in 1986, 
and nearly 48 percent by 1992.* 

While U.S. producers have reaped many benefits from 
having the largest home market in the world, mounting 
trade deficits of the 1980s also generated concern about 
the need to expand U.S. exports. U.S. high-tech industries 
have traditionally been more successful than other U.S. 
industries in foreign markets. Consequently, high-tech 
industries have attracted considerable attention from poli- 
cymakers as they seek ways to return the United States to 
a more balanced trade position. 


Foreign Markets. Despite their domestic focus, U.S. 
producers are important suppliers of high-tech products 
in overseas markets. Still, the 1980s proved to be chal- 


*These figures include trade between individual European nations. If 
data were available that excluded this intra-European trade, exports by 
European producers would represent a significantly smaller share of 
total output. 
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Figure 6-7. 
High-tech exports 


Billions of constant 1980 dollars 
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lenging, as the U.S. share of foreign markets dropped 
steadily from 23 percent in 1981 to 18 percent in 1986.” 
The strength of the U.s. dollar during the early eighties 
hampered U.S. competitiveness globally. But as a conse- 
quence, U.S. producers were driven to be more innova- 
tive, to improve product performance, and to increase 
manufacturing efficiency. Better products, coupled with 
a weakening dollar, led to a rise in foreign market share 
after 1986, and U.S. high-tech industries’ share of OECD 
exports rebounded to 20 percent by 1988. However, an 
intensifying global economic slowdown and an appreciat- 
ing U.S. dollar once again sidetracked U.S. export growth, 
and the U.S. foreign market share slipped to just below 
18 percent in 1992. 

The United States is no longer the world’s leading 
exporter of manufactures produced by high-tech indus- 
tries. Beginning in 1983, Japan surpassed the United 
States and Germany in overall high-tech exports and 
continued to lead by varying margins through 1992. 
(See figure 6-7.) In 1992, Japan accounted for 23 per- 
cent of OECD member country high-tech product 
exports, compared with 18 percent for the United 
States and 12 percent for Germany. European 
Community manufacturers have been responsible for 
47 to 50 percent of OECD high-tech exports throughout 
the 1980s and early 1990s, although intra-European 


“Foreign market shares are calculated using data on OECD country 
exports contained in appendix table 6-4. 
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trade figures significantly in this calculation of the 
European share of OECD exports. 

During the early eighties, nonhigh-tech U.s. indus- 
tries, as a group, experienced similar difficulties in for- 
eign markets. Throughout the 1981-92 period, U.s. high- 
tech industries held about twice the foreign market 
share of other U.S. manufacturing industries. 


Industry Comparisons. During the 1980s and into 
the next decade, Japan successfully gained foreign mar- 
ket share in five of the six individual high-tech indus- 
tries. By 1992, the United States led in only one indus- 
try—aircraft—with a 40-percent share of total OECD 
exports. Germany also led in only one industry in 1992, 
holding a 17-percent share of OECD exports of pharma- 
ceuticals. The 1992 data show Japanese industry leading 
the industrialized world in exports in the other four high- 
tech industries. (See figure 6-8.) 


Figure 6-8. 
Export market share: 1992 
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U.S. Trade Balance 


During the 1980s and into the early 1990s, the United 
States ran consistent trade deficits, importing more man- 
ufactured products than it was able to export. A strong 
U.S. dollar during the early eighties led to a rise in import- 
ed merchandise while exports remained stagnant. As the 
dollar weakened during the late 1980s, U.s. exports 
surged, growing at an average rate of nearly 14 percent 
per year during the 1985-89 period. U.s. demand for 
imports slowed somewhat during this period, allowing 
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for a narrowing of the U.S. trade deficit. The U.S. mer- 
chandise trade deficit continued to narrow as the 1990s 
began, dropping to a 7-year low in 1991. Only one addi- 
tional year of data was available, but it indicates a wors- 
ening of the deficit. (See figure 6-9.) 

U.S. high-tech exports have traditionally overshad- 
owed U.S. imports of high-tech products. Nevertheless, 
trade surpluses began to narrow during the 1980s and 
finally, in 1984, U.S. imports of foreign high-tech prod- 
ucts exceeded U.S. high-tech exports.'® The U.S. trade 
position in high-tech products improved in 1987 and 
1988, but deteriorated quickly as the nineties began. 

U.S. trade in nonhigh-tech products produced consis- 
tent trade deficits throughout the 12-year period exam- 
ined (1981-92). As seen for U.S. trade in high-tech prod- 
ucts, U.S. trade in all other products worsened (larger 
trade deficits) through the early and mid-1980s; it then 
improved (narrower deficits) in the latter part of the 
decade. Unlike trade in high-tech products, U.S. trade in 
other manufactures continued to produce narrower 
deficits in 1990 and 1991. By 1992, U.S. trade in nonhigh- 
tech products also began to produce a larger trade deficit. 


Individual Industry Comparisons. The trend shown 
for the composite U.S. high-tech group masks strong per- 
formances by several U.S. high-tech industries. In three 
of the six high-tech areas, U.S. industry exports exceed- 
ed imports of like products throughout the 12-year peri- 
od examined. (See figure 6-10.) The U.S. aircraft industry 
led all other U.S. high-tech industries’ trade performance, 
generating consistent and widening trade surpluses. The 
U.S. scientific instruments industry registered a trade 
surplus in 1992 that exceeded any previously recorded 
surplus for this industry since 1981. The U.S. pharmaceu- 
tical industry has also found receptive markets overseas 
and contributed positively to the overall U.S. trade posi- 
tion consistently during 1981-92. 

The remaining three high-tech areas had very differ- 
ent trade experiences. The United States ran a trade 
deficit in communications equipment and electrical 
machinery; this imbalance grew annually during the 
1980s and continued to worsen through 1992. But trade 
in computer and office equipment showed the greatest 
deficit of all the high-tech areas. From 1981 to 1986, the 
United States exported more computer and office equip- 
ment than it imported. In 1986, that surplus declined 
sharply, priming an eventual turn to escalating deficits in 
the United States’ computer and office equipment trade. 
Throughout the 12-year period examined, the growth in 


"Trade data (exports and imports) are available on a product-level 
basis; production data are not. To conform with the production and trade 
data used elsewhere in this chapter, the discussions of trade balances 
are based on industry-level data. The industry-level OECD definition of 
high-technology trade used here shows more midterm fluctuations and 
an earlier trade deficit for U.s. high-tech trade than trends portrayed 
using certain product-level definitions. See DOC (1983) and Abbott 
(1991) for technical discussions of alternative high-tech definitions. 
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Figure 6-9. 
Trade balance in manufactures 
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U.S. exports of computer and office equipment did not 
keep pace with U.S. imports. By 1992, this trend pro- 
duced a $44 billion trade deficit—nearly three times the 
size of the U.S. trade surplus in aircraft equipment. 


Trade Experience for Major Competitors. Japan 
alone among the United States’ major competitors saw 
its trade in high-tech manufactures produce larger and 
larger surpluses during the 1980s and into the early 
1990s. Its trade in other manufactures produced stable 
surpluses from 1981 to 1987, but then turned to a deficit 
position as imports of other products surged, over- 
whelming Japan’s small but continuing export growth in 
these industries. (See figure 6-9.) These diverging 
trends once again illustrate Japan’s nearly complete 
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Figure 6-10. 
Trade balances for high-tech industries 
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conversion to an economy that has tied its future eco- 
nomic growth to the technology-intensive industries. 

Concurrent with the erosion of the U.S. trade position 
in computer and office equipment has been the emer- 
gence of Japan as a global supplier of computer hard- 
ware-related products. In fact, the escalating trade sur- 
plus generated by Japan’s high-tech industries as a 
group was largely driven by its computer and office 
equipment industry. Of the six industries included in the 
high-tech category, in 1992, Japan had a trade surplus in 
four (in order of contribution to its surplus in high-tech 
products): computer and office equipment, communica- 
tions equipment, electrical machinery, and scientific 
instruments. (See figure 6-10.) 


The Home Market 


A country’s home market is often thought of as the 
natural destination for its manufactured output. For 
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obvious reasons—including proximity to the customer 
and common language, customs, and currency—market- 
ing at home is easier than marketing abroad. 

But in today’s global marketplace, product origin may 
only be one factor among many influencing the con- 
sumer’s choice between competing products—price, 
quality, and product performance will often be more 
important factors guiding product selection. Thus, in the 
absence of prohibitive trade barriers, the intensity of 
competition faced by domestic producers in their home 
market can approach, if not equal, the level of competi- 
tion faced in foreign markets. Given the large size and 
appetite of the U.s. market, examination of U.S. competi- 
tiveness at home is critical to an understanding of the 
country’s global competitiveness. 


Import Penetration: High-Tech Markets. The United 
States represents the world’s largest national market for 
high-tech products. During the 1980s, high-tech demand 
in the United States—as well as in the other major indus- 
trialized countries—was increasingly being met by for- 
eign suppliers. (See figure 6-11 and appendix table 6-5.) 
Imports supplied about 11 percent of the U.s. demand for 
high-tech products in 1981; by 1989, this percentage rose 
to 26 percent and then to 28 percent by 1992. While U.s. 
producers still supply nearly 75 percent share of the large 
U.S. home market, these producers often count on supply- 
ing the home market in order to achieve the economies of 
scale that aid U.S. competitiveness in foreign markets. 


Figure 6-11. 
import penetration of high-tech markets 
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Figure 6-12. 
import penetration of six high-tech markets 
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See appendix table 6-5. 


The Japanese home market, historically the most self- 
reliant of the major industrialized countries, also 
increased its purchases of foreign technologies during 
the 1980s; this trend continued into the early 1990s. In 
1981, imports of high-tech manufactures supplied 6 per- 
cent of Japanese domestic consumption, rising steadily 
to 15 percent by 1989, and to nearly 19 percent by 1992. 

Progress toward the creation of a more economically 
unified market in Europe has fostered even greater 
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trade among the economies of the European Com- 
munity, the European Free Trade Association,'' and 
more recently, with Eastern Europe countries.'’ Many 
of the reforms introduced to remove barriers hamper- 
ing trade within Europe have also had the effect of 
making Europe an even more attractive market to the 
rest of the worid.'’ Rapidly rising import penetration 
ratios in the major European economies during the 
later part of the 1980s and early 1990s reflect these 
changing circumstances and highlight greater trade 
activity in European high-tech markets when compared 
with product markets for less technology-intensive 
manufactures. 

High import penetration ratios apparent during the 
late eighties and early nineties also reflect an 
increased trend in Europe toward cross-border produc- 
tion of capital and technology-intensive goods. The 
number of mergers and acquisitions involving 
Europe's largest firms rose sharply during the mid- to 
late 1980s and were heavily concentrated in Europe's 
manufacturing industries (ITC 1992, pp. 1-3 to 1-18). 
Among Europe's more technology-intensive industries, 
a large number of mergers and acquisitions have taken 
place in the chemical, machine tool, and electronics 
industries.'! 


Import Penetration: Closer Look at Japanese and 
U.S. Home Markets, by Industry. Both the U.s. and 
Japanese domestic markets have become increasingly 
internationalized in all high-tech industries. (See figure 
6-12.) For example, during the 1980s, of the six high-tech 
industries examined, the U.S. computer and office equip- 
ment industry experienced the greatest rate of increase in 
import competition from other industrialized countries, 
but especially from Japan.’ U.S. industry continues to 
dominate its home market for aircraft and pharmaceutical 
products. 

During the 1980s, foreign suppliers gained a larger 
presence in several of Japan’s high-tech markets. 
Foreign suppliers of aircraft and related products have 
traditionally been very successful in selling in Japan; that 
success was replicated in several other high-tech mar- 
kets, especially after 1985. Imports increasingly supplied 
an expanded demand for computers and office equip- 
ment and scientific instruments in Japan. U.S. manufac- 
turers of these high-tech products were particularly suc- 
cessful: U.s. manufacturers of computer and office 
equipment and of scientific instruments have not simply 
increased their market share in Japan, but have also 


'The European Free Trade Association is composed of Austria, 
Finland, Iceland, Norway, Sweden, Switzerland, and Liechtenstein. 

Trends in European trade are presented in mc (1992). 

Efforts have been made to increase “harmonization” of national 
laws on intellectual property, customs controls, and rules governing 
product standards, testing, and testing procedures. 

‘For a discussion of international RxD alliances, see chapter 4. 

Information on the source of imports is derived from product-level 
trade data. 
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continued to dwarf the market share gains made by sup- 
pliers from all other major industrialized countries."" 


Royalties and Fees Generated From 
intellectual Property 


The United States has traditionally maintained a large 
surplus in international trade of intellectual property. 
Trade in intellectual property includes the licensing and 
franchising of proprietary technologies, trademarks, and 
entertainment products. These transactions generate net 
revenues for U.S. firms in the form of royalties and licens- 
ing fees. 


U.S. Royalties and Fees From All Transactions. 
U.S. receipts from all trade in intellectual properties 


This information on Japan's source of imported computers and 
office equipment, scientific instruments, and other high-tech products 
is extracted from OECD Trade Series C data processed by DRI/ 
McGraw-Hill under contract to the National Science Foundation. 


Figure 6-13. 
Royalties and fees: U.S. trade balance 
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approached $18 billion in 1991, nearly double U.s. firm 
receipts recorded just 5 years earlier. (See appendix 
table 6-6.) During the period 1987-91, U.s. firms’ 
receipts were generally four to five times as large as 
U.S. payments to foreign firms for intellectual property. 
Most (about 75 percent) of these latter transactions 
involved exchanges of intellectual property between 
U.S. firms and their foreign affiliates. (See figure 6-13.) 
Exchanges of intellectual property between affiliates 
allow for a much higher level of control to the leasing 
firm. The frequency of such exchanges between related 
parties is growing faster than those between unaffiliat- 
ed firms, suggesting greater internationalization of U.S. 
business. 


U.S. Royalties and Fees From Trade in Tech- 
nical Knowledge. Data on royalties and fees can be 
disaggregated to illuminate trends in technical knowl- 
edge. Receipts and payments for patents and technical 
knowledge are an indicator of firms’ technological 
prowess. Transactions among unaffiliated firms—where 
prices are set through a market-related bargaining pro- 
cess—tend to reflect the exchange of technology and its 
market value at a given point in time. Unaffiliated transac- 
tions are generally subject to less owner control than 
transactions between affiliates. Therefore, examining the 
record of the resulting receipts and payments provides an 
indicator of the production and diffusion of technical 
knowledge. 

The United States is a net exporter of technology sold 
as intellectual property. Royalties and fees received 
from foreign firms have been, on average, three times 
that paid out to foreigners by U.s. firms for access to 
their technology. U.S. receipts from such technology 
sales totaled $2.6 billion in 1991, up from $1.7 billion in 
1987. (See figure 6-14 and appendix table 6-7.) 

Japan is the largest consumer of U.S. technology sold 
in this manner. In 1991, Japan accounted for 47 percent 
of all such U.S. receipts, while the Western European 
countries (i.e., the European Community) together rep- 
resented 18 percent. South Korea increased its purchas- 
es of U.S. technological know-how sharply during the 5 
years for which data are available. It became the second 
largest consumer of U.S. industrial processes with a 9- 
percent share in 1991, up from just a 2-percent share in 
1987. 

To a large extent, the U.S. surplus in the exchange of 
intellectual property is driven by trade with Japan and the 
newly industrialized Asian economies. In 1991, U.s. 
receipts (exports) from technology licensing transactions 
were 11 times U.S. firm payments (imports) to Japan. On 
the other hand, the U.s. trade surplus with Europe in 
sales of technological know-how declined over the past 5 
years (1987 to 1991). Germany represented the largest 
European trading partner in these transactions; more- 
over, it was the only country in the world with which the 
United States had a persistent technical knowledge trade 
deficit. 
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International Trends in Industrial R&D" 


The industrial sector is the main source of the new 
technologies and products that aid national economic 
competitiveness. In high-wage countries like the United 
States, industries stay competitive in a global market- 
place through innovation. Innovation can lead to better 
production processes and better performing products 
(i.e., more durable, more economical, etc.); it can there- 
by provide the competitive advantage high-wage coun- 
tries require when competing with low-wage countries. 

Research and development activities provide an incubator 
for new ideas that lead to new processes, products—and 
even new industries. While not the only source of new inno- 
vations, R&D activities conducted in industry-run laborato- 
ries and facilities are associated with many of the important 
new ideas that have helped shape modern technology."* U.S. 
industries that traditionally conduct large amounts of R&D 
have met with greater success in foreign markets than less 
R&D-intensive industries and have been more supportive of 
higher wages for their employees." 

This section examines R&D trends using a database 
developed at OECD. It describes trends in all industrial 
R&D performed from 1973 through 1990, regardless of 
the source of its funding.“’ The discussion begins with a 
comparison of overall trends in industrial R&D activity. 
This analysis is followed by a discussion of trends in the 
top R&D-performing manufacturing industries in the 
United States and in those of our two major competitors 
in the global marketplace, Japan and Germany. 


Overall Trends 


The United States has long led the industrialized 
world in the performance of industrial R&D. Over the 
past two decades, however, U.S. dominance has been 
challenged. The U.s. share of total industrial R&D per- 
formed by the OECD countries fell between 1973 and 
1990. (See figure 6-15.) Despite this decline, the United 


Data from OECD's Structural Analysis Database for Industrial 
Analysis, Analytical Business Enterprise R&D file (STAN/ANBERD) are 
used to examine trends in total industrial k&D. This database tracks all 
R&D expenditures (both defense- and nondefense-related) carried out 
in the industrial sector regardless of funding source. For an examina- 
tion of U.S. industrial R&D by funding source, see chapter 4. 

‘While an important indicator of innovative activity, there is ample 
evidence that suggests that many new ideas and technological 
improvements are being developed outside of the R&D “lab.” In order 
to develop better indicators of innovation activities, the National 
Science Foundation is preparing to conduct a national survey of inno- 
vation activities in U.S. industry. This new survey initiative has evolved 
after many years of empirical study both in the United States and in 
Europe. The new U.s. survey has been constructed in collaboration 
with other OECD members and the results will provide a better under- 
standing of the innovation process in the United States and in other 
major industrialized countries. 

“See “The Global Markets for U.S. Technology” for a presentation 
of recent trends in U.S. competitiveness in foreign and domestic prod- 
uct markets. 

“These data are not categorized by type of R&D performed (i.e., 
basic, applied, or development). Both defense- and nondefense-related 
R&D conducted in the industrial sector are included in these data. 
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Figure 6-14. 

U.S. royalties and fees generated from the exchange 
of industrial processes between unaffiliated 
coinpanies: 1991 
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NOTE: U.S. payments to South and Central America and to South Korea 
were less than $500,000. 


See appendix table 6-7. Science & Engineering indicators - 1993 


States remains the leading performer of industrial R&D 
by a wide margin, even surpassing the combined R&D of 
the 12-nation European Community. 

Japan underscored its belief in the economic benefits 
of investments in R&D by following a high R&D growth 
path that led to a near doubling of its share of total OECD 
R&D during the period examined. Germany, the third 
leading performer of industrial R&D, also closed the gap 
between itself and the United States, but only slightly 
when compared to Japan. Italy and Canada were the only 
other two countries that showed somewhat higher than 
average growth in industrial R&D between 1973 and 
1990; the United Kingdom and France join the United 
States in below average growth.”! 


R&D Performance by Manufacturing Industries 


The United States, Japan, and Germany represent the 
three largest economies of the industrialized world and 
compete head to head in many manufacturing industries. 
An analysis of R&D data provides some explanation for 


“International comparisons of total industrial R&D are calculated in 
terms of purchasing power parity (PPP) dollars and growth rates are based 
on 1985 constant prices. For more information on PPPs, see chapter 4. 
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past national success in certain of these industries and 
can also signal shifts in national technology priorities.~ 
R&D performance (spending) by eight manufacturing 
industries is examined—aircraft, computer and office 
equipment, communications equipment, pharmaceuti- 
cals, instruments, scientific instruments, motor vehicles, 
chemicals, and electrical machinery. These eight indus- 
tries include all the top performers of industrial R&D in 
the United States, Japan, and Germany. They also hap 
pen to have the highest “R&D intensity” among manufac- 
turing industries in the OECD countries as a group.” 


“Industry-level data are occasionally estimated in order to provide a 
complete time series for the 1973-90 period. 

“Only six industries were included in the high-tech group discussed 
earlier with regard to market competitiveness. For the group of OECD 
countries, these six had substantially higher R&D intensities (R&D as a 
share of total output) than did the motor vehicle industry and the 
chemicals industry and therefore were not included in OECD's group of 
high-tech industries. (See “OECD High-Tech Industries” for individual 
industry R&D intensities.) 
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The United States. R&) performance in U.S. manufac- 
turing industries followed a pattern of rapid growth dur- 
ing the 1970s, rising an average of 11 percent per year 
between 1973 and 1980 (2.7 percent per year in 1985 
constant prices). This growth pattern accelerated during 
the early eighties, before slowing down considerably 
during the latter part of the decade. The eight industries 
account for over 80 percent of total industrial R&D per- 
formed in the United States; they therefore drive R&D 
trends in the U.S. industrial sector. 

The U.S. aircraft and communications equipment indus- 
tries have consistently been the largest performers of 
R&D. (See figure 6-16 and appendix table 6-8.) Comparing 
R&D performance in 1973 and 1990, shows some shifting 
in R&D emphasis among the top five industry performers. 
Although the aircraft and communications equipment 
industries retain their top positions as the leading R&D 
performers in the United States, R&D growth in the motor 
vehicle and electrical machinery industries did not keep 
pace with that in the computer and office equipment 
industry during the period examined. Consequently, by 


Figure 6-15. 
Shares of total industrial R&D performed in OECD countries 
Percent 
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SOURCE: The Organisation for Economic Co-operation and Development, Structural Analysis Database for Industrial Analysis, Analytical Business 


Enterprise R&D (STAN/ANBERD) file (Paris: 1992). 
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Figure 6-16. 
U.S. industrial R&D performance 


Billions of constant 1985 U.S. dollars 
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See appendix table 6-8. 


1990, the computer and office equipment industry 
became the third leading r&d performer in the United 
States. (See figure 6-16.) 


Japan. Since 1973, R&D performance in Japanese manu- 
facturing industries grew at a higher annual rate than in 
the United States, and faster than all other industrialized 
countries since 1980. Japanese industry continued to 
expand its R&D spending rapidly through 1985, more 
than doubling the annualized rate of growth seen during 
the 1970s. Japanese industrial R&D spending slowed 
somewhat during the second half of the 1980s, but still 
led all other industrialized nations in terms of average 
growth in industrial R&D. 

The eight industries examined here together accounted 
for between 66 and 72 percent of total industrial R&D per- 
formed in Japan during the 1973-90 period, compared with 
over 82 to 88 percent in the United States. This suggests a 
wider role for R&D in Japan's industrial sector (outside the 
eight industries examined) than seen in the United States. 

An examination of the top five R&D-performing indus- 
tries in Japan reflects that country’s long emphasis on com- 
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munications technology (including consumer electronics, 
high-definition TV, and all types of audio equipment). This 
industry was the leading performer of R&D throughout the 
period reviewed. Japan's motor vehicle industry was the 
third leading R&D performer in 1973, but rose to number 
two in 1980 and remained at that level through 1990. (See 
figure 6-17 and appendix table 6-9.) Japanese automobiles 
earned a reputation for high quality and economy during 
these years, which earned Japanese auto makers larger 
and larger shares of the global car market. 

Electrical machinery producers also are among the 
largest R&D performers in Japan and have maintained 
high R&D growth throughout the period examined. By 
contrast, the U.S. electrical machinery industry saw its 
ranking among the top U.S. R&D producers in the United 
States decline since 1973. Japan’s industry, on the other 
hand, moved up to become that country’s third leading 
R&D-performing industry in 1990. 

Another Japanese industry that has become a more 
important R&D performer is the computer and office equip- 
ment industry. Japan’s computer and office equipment 
industry did not rank among the top five R&D performers 
until 1984. But rapid R&D growth during the late seventies 
and throughout the eighties moved this industry ahead of 


Figure 6-17. 
Japan’s industrial R&D performance 
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Top industria! R&D performers and their share of total industrial R&D 


1973 1980 1990 
Comm equip 15.9 | Comm. equip 172 | Comm equip 163 
Chemicals 14.0 | Motor vehicles 13.5 | Motor vehicles 144 
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Elect machinery 119 Elect machinery 94 | Chemicals 101 
Pharmaceuticals 52 | Pharmaceuticals 64 | Comp/office equip 10.0 
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Japan's pharmaceutical industry: the industry has main- 
tained this position through 1990. (See figure 6-17.) 


Germany. During the 1970s (1973-80), German industry 
led the industrialized world in R&D growth (when calculated 
in constant purchasing power parities). During the 1980s, 
while much of the industrialized world tended to focus even 
more resources on industrial R&D, German industrial R&D 
growth slowed down. In fact, German R&D grew even slow- 
er during the second half of the decade than it did during 
the already sluggish growth period of the early 1980s. 

Total German industry R&D appears to be somewhat 
less concentrated among the eight industries examined 
than in the United States, but more se than in Japan. The 
same five industries have led German industry in R&D per- 
formance. (See figure 6-18 and appendix table 6-10.) From 
1973 to 1985, the German chemical industry led all other 
German industries in total R&D performed. The comrni- 
cations equipment industry was the second leading per- 
former during this time. In 1986, the German communica- 
tions equipment industry became its number one R&D-per- 
forming industry, even surpassing Germany's chemical 
industry (a traditional strong R&D performer in Germany) 


Figure 6-18. 
Germany's industrial R&D performance 
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and has retained that position through 1990. 

An examination of those other industries that were among 
the top five R&D performers in Germany mirrors that 
country’s commercial prominence as a supplier of world- 
class machinery and motor vehicles. During the second 
half of the 1980s, the German computer and office equip- 
ment industry and its pharmaceutical industry have 
shown the most rapid R&D growth among the eight indus- 
tries.“' (See 6-18.) 


Patented Inventions 


One of the important ber. -fits of R&D is a stream of new 
technical invenuons tha’ may in turn be embodied in 
innovations—i.e., in new or improved products, process- 
es, and services. Inventors can obtain government-sanc- 
tioned property rights by applying for patents. Such 
patents are issued by authorized government agencies for 
inventions judged to be new, useful, and nonobvious.”” 

Patent data provide useful indicators for measuring 
technical change and inventive input and output over 
time (see Griliches 1990). Further, U.s. patenting by for- 
eign inventors enables measurement of the levels of 
invention in those foreign countrics (Pavitt 1985) and can 
serve as a leading indicator of new technological competi- 
tion (Faust 1984).°' Patent statistics trends can therefore 
serve as an indicator—albeit one with certain limita- 
tions—of national inventive activities.” 

This section describes broad trends of patent activity 
in the United States over time, by field, and by industry 
by both U.s. and foreign inventors. It discusses patenting 
trends in foreign countries and presents new data on 
international patenting trends in “critical” technologies. 


Granted Patents by Owner 


Patents Granted to Americans.” Over the past 15 
years, the number of patents awarded to American inventors 


“RAD performance by European Community manufacturers is pre- 
sented in appendix table 611. 

Although the t.s. Patent and Trademark Office grants several 
types of patents (e.g., design patents), this discussion is limited to atili- 
ty patents, which are commonly known as “patents for inventions.” 

“A patent grant allows an inventor to exclude others from making, 

using, or selling that invention. See Patent and Trademark Office (1989). 

Corporations account for about 80 percent of all foreign-owned 
LS. patents. 

‘Patenting indicators have some well-known drawbacks, including 

the following: 

@ [ncompleteness—many inventions are not patented at all, in part 
because laws in some States already provide for the protection of 
industrial trade secrets. 

@ Inconsistency across industries—indusinies vary considerably in their 
propensity to patent mventions; consequently, it is not advisable to 
compare patenting rates between different technologies or industnes 

@ Jnconsistency in quality—the inventions patented can vary consid 
erably in quality. (Patent citation rates, discussed on p. 178, are 
one method for dealing with this question of varving quality.) 

Despite these and other limitations, patents provide a unique and 

convenient source of information on inventive activities 

“The ts. Patent and Trademark Office grants patents to both ts. and 

foreign inventors. Patent origin is determined by the residence at the 
time of grant of the first-named inventor as specified on the face of the 
patent. Patents “granted to Americans” are actually Us. origin patents 
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Figure 6-19. 
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has followed two different trends. From 1978 through 1983, 
the number of patents granted to Americans declined irreg- 
ularly.’ Since 1983, the number of patents granted to 
Americans picked up, and has remained on a general 
upward trend. In 1991, the latest year for which statistics 
are available, U.S. origin patenting registered a new high 
when nearly 51,000 patents were granted to U.S. resident 
inventors. Foreign patenting in the United States also 
reached new highs in the post-recession period (1983-91) 
and grew at a quicker rate than did U.s. domestic patent- 
ing—8.2 versus 5.6 percent per year." (See figure 6-19 and 
appendix table 6-12.) 

Patents granted to American inventors can be further 
analyzed by patent ownership at the time of grant. Inven- 
tors who work for private companies or for the Federal 
Government commonly assign ownership of their 
patents to their employer; self-employed inventors usual- 
ly retain ownership of their patents. The owner's sector 
of employment is thus a good indication of the sector in 
which the inventive work was done. In 1991, 71 percent 
of granted patents were owned by corporations.” (See 
figure 6-20.) This percentage has not changed signifi- 
cantly over the years.” 

Individuals are the next largest group of U.s. origin 
patent owners. Prior to 1978, individuals owned a quarter 
of all patents granted." Their share rose to 27 percent in 
1980 and was 26 percent in 1991. The federal share of 
patents averaged 3.5 percent of total during the period 
1963-77; thereafter, U.S. Government-owned patents as a 
share of total U.S. origin patents has declined.’ Finally, 
only about 1 percent of patents granted to American inven- 
tors are owned by foreign corporations or governments. 

In 1991, the number of patents granted in the United 
States rose nearly 8 percent.” U.S. inventors received 53 
percent of the U.S. patents granted that year, representing 


"The number of patents granted to all countries dipped in 1979 because 
the Patent Office could not afford to print all the patents approved that vear. 

‘Both U.s. and foreign patenting declined from 1987 to 1988. This 
decline, one of many oscillations that appear in patenting data by year 
of patent grant, may be due to the especially low number of patents 
awarded in 1986 because of budget restrictions at the Patent Office. 
This development, in turn, led to an unusually high number of patent 
grants in 1987 as patents were carried over into that year. Also, utility 
patent applications dropped in 1983. Since it can take 2 to 3 years 
before a successful application matures into a patent, this drop may 
also have contributed to the low number of patent grants in 1986. 

“About 2.6 percent of patents granted to Americans in 1991 were 
owned by Us. universities and colleges. The Patent Office counts these 
as being owned by corporations. For further discussion of academic 
patenting, see chapter 5, “Patents Awarded to US. Universities.” 

Between 1978 and 1991, corporate-owned patents accounted for 
between 69 and 73 percent of total American-owned patents. 

‘Prior to 1978, data are provided as a total for the period 1963-77 

Federal inventors frequently obtain a statutory invention registra- 
tion (Stk) rather than a patent. An Sik is not ordinarily subject to exami- 
nation and costs less to obtain than a patent. Also, an sik gives the 
holder the right to use the invention, but does not prevent others from 
selling or using the invention as well. 

‘Part of this increase may be attributed to the ongoing efforts by the 
Patent Office to reduce “pendency.” the time between receipt of a 
patent application and completion of its processing 
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a small increase in share of U.S. patents awarded to 
Americans. Before 1989, foreigner inventors were 
patenting in the United States at a faster pace than U.S. 
resident inventors. That trend stalled in 1989 and 1990, 
and was reversed in 1991 as American inventors’ U.S. 
patent success outpaced that of foreign inventors. 

The number of patents awarded to Americans in 1991 
represented the first upturn in U.S. share of granted 
patents since 1977. The increase in U.S. share is a reflec- 
tion of the successes of individual inventors and of a rise 
in U.S. Governmcnt-owned patents. Increased patent 
activity by government agencies was encouraged by leg- 
islation enacted during the 1980s which called for U.s. 
agencies to establish new programs and increase incen- 
tives to its scientists, engineers, and technicians in order 
to improve the transfer of technology developed in the 
course of government activities.” 


Patents Granted to Foreign Inventors. Foreign- 
owned patents represent nearly half (47 percent in 1991) 
of all patents grant<d in the United States. Moreover, the 
number of U.S. patents granted to foreign inventors 
increased in 1991, although the increase was smaller chan 
that reported for those with U.S. origin (a 5.3-percent 
increase versus 7.6 percent). In 1991, foreign corporations 
owned nearly 82 percent of the foreign-origin U.S. patents, 
individuals owned 11 percent, and foreign governments 
owned just 1 percent. Since 1978, corporate ownership of 
foreign-origin U.S. patents has grown in importance as the 
share owned by individuals has declined. 

Foreign patenting in the United States is highly concen- 
trated by country of origin. In 1991, just five countries— 
Japan, Germany, Great Britain, France, and Canada— 
accounted for 80 percent of U.S. patents granted with for- 
eign origin. (See figure 6-19.) The numbers of patents 
granted to inventors from these countries have generally 
increased. Of these five countries, only the Japanese 
share grew over the past 14 years. This growth, however, 
has been dramatic, with Japanese inventors receiving 22 
percent of all U.S. patents in 1991 and 46 percent of all U.S. 
patents with foreign origin. In 1978, these shares were 
under 11 percent and 28 percent, respectively. 

Patent shares accounted for by inventors from the top 
three European countries generally declined over the 
past 14 years: German inventors were granted 24 per- 
cent of U.S. patents with foreign origin in 1978; this share 
fell to 17 percent in 1991. The British share fell the most 


The Stevenson-Wydler Technology Innovation Act of 1980 made 
the transfer of federally owned or originated technology to state and 
local governments, and to the private sector, a national policy and the 
duty of each government laboratory. The act was amended by the 
Federal Technology Transfer Act of 1986 to provide additional incen- 
tives for the transfer and commercialization of federally developed 
technologies. Later, Executive Order 12591 of April 1987 ordered exec- 
utive departments and agencies to encourage and facilitate collabora- 
tion among federal laboratories, state and local governments, universi- 
ties, and the private sector—particularly small business—in order to 
aid technology transfer to the marketplace. 


Figure 6-20. 
U.S. patents granted, by sector of owner 
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among the top three European countries, dropping from 
11 percent in 1978 to 6 percent in 1991. Canadian inven- 
tors’ share of U.S. patents granted declined in the late 
seventies and early eighties before showing evidence of 
reversing this trend in 1987 with small gains made in 
1989 and 1991. 

Comparing foreign patenting growth rates in the 
United States in the wake of the 1980s recession 
reveals the expanding roles of Japan and Europe as 
technology competitors and also identifies several 
other countries with a demonstrated capacity to gener- 
ate new technologies. During the 1983-91 period, the 
average U.S. patenting growth rate was 8.2 percent per 
year among inventors from all foreign countries. 
Countries whose inventors demonstrated above aver- 
age patent activity in the United States and also claimed 
over 100 patents in 1991 were 


@ South Korea, 40.8 percent growth in patents per 
year (401 U.S. patents granted in 1991); 


@ Taiwan, 38.8 percent per year (898 patents); 

@ Spain, 15.0 percent per year (153 patents); 

@ Israel, 13.7 percent per year (305 patents); 

@ Japan, 11.4 percent per year (20,916 patents); 

@ Finland, 9.3 percent per year (328 patents); and 
@ Canada, 9.2 percent per year (2,030 patents). 
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During this same period, several other countries’ inven- 
tors showed above average patent activity in the United 
States. These included 


@ Hong Kong, 17.0 percent per year (49 U.S. patents 
granted in 1991): 


@ Braz, 15.5 percent per year (60); and 
@ Ireland, 15.0 percent per year (55 patents). 


The patenting growth rate for the United States during 
this time was 5.6 percent per year (50,895 patents).* 


Patents by Patent Office Classes” 


A country’s distribution of patents by technical area pro- 
vides a key to understanding that country’s contribution 
to important fields of technology. This section compares 
and discusses the various key technical fields favored by 
inventors from various countries in their U.S. patenting. 


Fields Favored by U.S., Japanese, and German 
Inventors. While U.S. patent activity spans a very wide spec- 
trum of technology and new product areas, U.S. corvora- 
tions’ patenting also shows a particular emphasis on several 
of the technology areas that are expected to play an impor- 
tant role in future national economic growth (National 
Critical Technologies Panel 1994). In 1991, U.S. inventors 
were granted patents on inventions related to high-perfor- 
mance computing, telecommunications, electricity trans- 
mission, devices for the manufacture of semiconductors, 
and superconductor technology. U.S. patent activity also 
reflects this country’s natural resource endowment and the 
economic importance gained from more effective extrac- 
tion and use of these resources." The strength of U.s. 
chemical and biomedical industries is evident from the 
large number of patents assigned to U.S. corporations in 
these areas. (See text table 6-i and appendix table 6-13.) 

Japanese patenting in the United States appears to focus on 
technologies and products related to several commercially 


“Note that, despite the dramatic recent increase in patent activity by 
the newly industrialized economies of East Asia—particularly Taiwan 
and South Korea—these countries, as a group, accounted for just 14 
percent of all Us. patents granted in 1991 and under 3 percent of U.s. 
patents granted to foreign inventors. 

“Information in this section is based on the Patent and Trademark 
Office’s classification system which divides patents into approximately 
370 active classes. Using this system, patent activity for U.s. and for- 
eign inventors in recent years can be compared by developing a actir- 
ity index. This index measures a country’s patenting activity within a 
given class. For any given vear, the activity index is the proportion of 
patents in @ particular class granted to inventors in a specific county 
divided by the proportion of ail patents granted to inventors in that 
country. 

Because U.S. patenting data reflect a much larger share of patenting 
by individuals without corporate or government affiliation than do data 
on foreign patenting, only patents granted to corporations are used to 
construct the Us. patenting activity indexes. 

“Research on the history of U.s. innovation (Abramovitz 1986 and, 
more recently, Mowery and Rosenberg 1993) also finds natural 
resource endowments to have a strong influence on a country’s pattern 
of innovation. 
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important industries. The 1991 patent data show Japanese 
inventors emphasizing those technology classes associat- 
ed with the motor vehicle, photography, and photocopy- 
ing industries. (See text table 61 and appendix table 6 
14.) But also increasingly evident is the wider range of 
U.S. patents awarded to Japanese inventors in informa- 
tion technology. From improved information storage 
technology for computers to improved optic systems, 
Japanese inventions are earning U.S. paterits in areas that 
will facilitate the expansion, storage, and transmission of 
information. 

German inventors continue to develop new products 
and processes in technology areas associated with the 
heavy manufacturing industries in which Germany has 
traditionally maintained a large presence. The 1991 U.s. 
patent activity index shows German emphasis on the 
printing, chemicals, steel, motor vehicle, and power gen- 
eration-related patent classes. (See text table 6-1 and 
appendix table 6-15.) But, like the Japanese, German 
inventors have not ignored the new technology areas 
that may dictate an expansion of its industrial sector's 
future competitiveness. Germany's U.S. patenting activity 
also indicates that its inventors are developing new prod- 
ucts and processes that would fall within biotechnology 
and optoelectronic technology areas. 


Fields Favored by Other Major Industrialized 
Countries. Like the United States, Canada is a large, 
resource-rich country: Its patent activity in the United 
States reflects these national characteristics. Canadian 
inventions patented in the United States are no doubt 
influenced by the need to find better ways to extract its 
vil and minerals and the need for better telecommunica- 
tions across its vast land area. (See text table 6-2 and 
appendix table 6-16.) Also, its proximity to the United 
States and close ties with U.S. industry are evidenced by 
the similar concentrations of patent activity for the two 
countries. 

French patent activity in the United States emphasizes 
nuclear technology and communications. (See text table 
6-2 and appendix table 6-17.) The French also show 
high activity in biotechnology fields—an area in which 
the French already provide considerable competition for 
U.S. biotech firms. 

The British are also quite active in the biotechnology 
patent classes and communication technologies; they 
share the U.s. emphasis on aeronautics as well. (See text 
table 6-2 and appendix table 6-18.) Like the Germans, 
the British do not patent much in the United States in 
semiconductor manufacturing, nor do they particularly 
patent in areas of Japanese emphasis, such as dynamic 
information storage and retrieval and photography. 


Fields Favored by Newly Industrialized Economies. 
Patent activity by NIEs in the United States can be seen 
as an indicaior of these economies’ technological devel- 
opment and as a leading indicator of those product mar- 
kets likely to see increased competition. 
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Text table 6-1. 
Top 15 most emphasized U.S. patent classes for inventors from the United States, Japan, and Germany 
United States Japan Germany 
1. Mineral oils: processes and products Dynamic information storage or retrieval Printing 
2. Chemistry, hydrocarbons Photography Chemistry, fertilizers 
3. Wells Photocopying Organic compounds’ 
4. Chemistry—analytical & immunological testing Dynamic magneiic information storage Organic compounds’ 
or retrieval 
5. Food or edible material: processes, compositions Typewriting machines Organic compounds’ 
and products 
6. Superconductor technology—apparatus, material, Radiation imagery chemistry—process, Ammunition and explosives 
process composition or products 
7. Error detection/correction & fault detection/ Recorders Bearing or guides 
recovery 
8. Amplifiers Pictorial communication; television Winding and reeling 
9. Chemistry: molecular biology and microbiology Static information storage and retrieval Brakes 
10. Drug, bio-affecting & body treating compositions Active solid state devices, e.g., Compositions, coating or plastic 
transistors, solid state diodes 
11. Chemistry, lignins or reaction products thereof Sewing Synthetic resins or natural rubber? 
12. Synthetic resins or natural rubber? Music Internal-combustion engines 
13. Compositions Motor vehicles Typewriting machines 
14. Electrical transmission or interconnection systems —_ Internal-combustion engines Chemistry, inorganic 
15. Electricity, conductors and insulators Image analysis Synthetic resins or natural rubber? 


‘Part of the class 532-570 series. 
Part of the class 520 series. 
See appendix tables 6-13, 6-14, and 6-15. 
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Text table 6-2. 
Top 15 most emphasized U.S. patent classes for inventors from Canada, France, and Great Britain 
Canada France Great Britain 
1. Metallurgy Induced nuclear reaction, systems Drug, bio-affecting & body treating 
& elements compositions 
2. Chemistry, inorganic Wave transmission lines & networks Joints and connections 
3. Electricity, conductors and insulators Brakes Chemistry, fertilizers 
4. Plastic article or earthenware shaping or Organic compounds' Metal fusion bonding 
treating 
5. Multiplex communications Oryanic compounds' Optical waveguides 
6. Chemistry—analytical & immunological testing Communications, directive radio wave Aeronautics 
systems & devices 
7. Telephonic communications X-ray Or gamma ray systems or devices Organic compounds' 
8. Static structures, e.g., buildings Glass manufacturing Pulse or digital communications 
9. Supports Pipe joints or couplings Drug, bio-affecting & body treating 
compositions 
10. Mineral oils: processes and products Communication, electrical: acoustic wave Wells 
systems & devices 
11. Apparel Organic compounds' Brakes 
12. Wells Chemistry, inorganic Conveyors, power-driven 
13. Chemistry, electrical current producing Registers Glass manufacturing 
apparatus, product and process 
14. Material or article handling Electricity, circuit makers and breakers Compositions 
15. Cleaning and liquid contact with solids Aeronautics Communications, directive radio 


wave systems & devices 


‘Part of the class 532-570 series. 
See appendix tables 6-16, 6-17, and 6-18. 


Taiwan illustrates the movement of NIES toward new 
technology development and improvement of previously 
established technologies. (See text table 6-3 and appendix 
table 6-19.) As recently as 1980, Taiwanese patent activity 
in the United States was predominantly in the area of toys 
and other amusement devices. By 1991, Taiwan was 
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active in more highly technical classes, gaining U.s. 
patents in such areas as communications technology, 
semiconductor manufacturing processes, and internal 
combustion engines. (See NSB 1991, chapter 6.) The latest 
data now show that inventors from Taiwan have added 
superconductor technology to their list of patent classes. 
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Text table 6-3. 
Top 15 most emphasized U.S. patent classes for inventors from Taiwan and Korea 
Taiwan Korea 
1. Locks Electric lamp & discharge devices 
2. Superconductor technology: apparatus, material, process Semiconductor device manufacturing process 
3. Closure fasteners Static information storage & retrieval 
4. Metallurgy Telephonic communications 
5. Amusement and exercising devices Pictorial communication; television 
6. Semiconductor device manufacturing process Electrical transmission or interconnection systems 
7. Electricity, conductors & insulators Dynamic magnetic information storage or retrieval 
8. Electricity, circuit makers & breakers Pulse or digital communications 
9. Error detection/correction & fault detection/recovery Electric heating 
10. Electrical connectors Gas separation 
11. Brushing, scrubbing & general cleaning Registers 
12. Metal deforming Joints and connections 
13. Illumination Multiplex communications 
14. Telephonic communications Electric lamp and discharge devices, systems 
15. Pumps Active solid state devices, e.g., transistors, solid state diodes 


See appendix tables 6-19 and 6-20. 


U.S. patenting by South Korean inventors is heavily con- 
centrated in the patent classes that include electrical prod- 
ucts and electronic component technologies. (See text 
table 6-3 and appendix table 6-20.) South Korea is also 


Figure 6-21. 
Share of total patents awarded to nonresident inventors 
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NOTE: German data are for the former West Germany only. 
See appendix tables 6-12 and 6-21. 
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very active in such commercially significant technologies 
as semiconductor devices and computer peripheral equip- 
ment. In fact, South Korea is already a major supplier of 
computers and peripherals to the United States, and these 


[Oa 
France Germany United Japan Former 
States Soviet 
Union 


Science & Engineering !ndicators — 1993 


Science & Engineering Indicators — 1993 


patent activity data show that the country’s inventors may 
be developing the improvements that will support South 
Korea’s future competitiveness in these technologies."! 


Patenting Outside the United States 


In most parts of the world, foreign inventors account for 
a much larger share of total patent activity than is the case 
in the United States. When foreign patent activity in the 
United States is compared with that in 11 other important 
countries during the years 1985 through 1990, only the 
former Soviet Union—with under 2 percent of its patents 
awarded to foreign inventors—and Japan—with around 15 
percent—had less foreign patent activity. (See figure 6-21 
and appendix table 6-21.) The long pendency period (6 to 
7 years) in Japan and Japanese industry’s practice of filing 
large numbers of applications claiming minor technical 
improvements to rival patentees’ core technology tend to 
discourage foreign patenting (GAO 1993). 

What is often obscured by the rising trends in foreign- 
origin patents in the United States is the success and 
widespread activity of U.S. inventors in patenting their 
inventions around the world. U.S. inventors lead all other 
foreign inventors not just in countries neighboring the 
United States (Canada and Mexico) or in those as close cul- 
turally as Great Britain, but also in Japan, Brazil, and India. 
(See figure 6-22.) Two of the United States’ major competi- 
tors show similar global patenting activity. Japanese inven- 
tors edge out Americans in Germany and dominate foreign 
patenting in South Korea. German inventors lead all foreign 
inventors in France and the former Soviet Union; they are 
also quite active in all of the other countries examined. 


International Patenting Trends for Three 
important Technologies” 


This section explores the relative strength of America’s 
technological position by examining international patenting 
patterns in the critical technologies of advanced manufactur- 
ing, biotechnology, and information technology.* To facili- 
tate patent search and analysis, these broad technology 
areas were each represented by a narrower subfield: robot 


‘South Korea was the fifth largest foreign supplier of computers and 
peripherals to the United States in 1989. See ITA (1991), p. 28-2. 

“Data in this section are drawn from a database containing patent 
records from 33 major patenting countries, which facilitates a more 
comprehensive assessment of the U.S. technological position vis-a-vis 
other national competitors. These data were developed under contract 
for the National Science Foundation by Mogee Research & Analysis 
Associates; they were extracted from the World Patents Index 
database published by Derwent Publications, LTD. 

“The technology areas selected for this study met several criteria: 

@ Each appeared on the lists of critical technologies considered 
important to future U.S. economic competitiveness or national 
security. (See Mogee 1991.) 

@ Each is characterized by the output of patentable products or 
processes. 

@ Each could be defined sufficiently to permit construction of 
accurate patent search strategies. 

@ Each yielded a sufficient population for statistical analysis. 
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technology was used as a proxy for advanced manufactur- 
ing, genetic engineering (recombinant DNA—RDNA—tech- 
niques) was used for biotechnology, and optical fibers were 
used to represent patent activity in information technology.“ 
To ensure maximum comparability of data, the unit of analy- 
sis used in this discussion is built around the concept of a 
“patent family~—i.e., all the patent documents published in 
different countries associated with a single invention. (See 
“International Patent Families as a Basis of Comparison.”) 

In this section, three indicators are used to compare 
national positions in each critical technology. 


“These subfields were identified based on a review of recent critical 
technologies reports and extensive consultation with National Science 
Foundation staff and experts in the technologies to determine repre 
sentative subfields. 


Figure 6-22. 
Patents granted to nonresident inventors, 
by granting country: 1990 
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| international Patent Families as a Basis of Comparison 


| A patent family consists of all the patent docu- 
| ments published in different countries associated 
_ with a single invention. The first application filed 
anywhere in the world is the priority application: it is 
assumed that the country in which the priority appli- 
cation was filed is the country in which the invention 
was developed. Similarly, the priority year is the year 
in which the priority application was filed. The basic 
patent is the first patent or patent application pub- 
lished in any of the 33 countries covered in the 
database used in this section. This database, the 


World Patents Index Latest, covers basic patents 
published from 1981 to the present. 

Counts of patent families over time as an indicator of 
technological activity are skewed by those countries 
with national patent systems that encourage large 
numbers of patent applications (e.g., Japan). To elimi- 
ate this bias wherever possible, international patent 
families are used as a basis of comparison. An interna- 
tional patent family is created when patent protection 
is sought in at least one other country besides the one 
in which the earliest priority application was filed. 


@ Jrends in international inventive activity: This indica- 
tor provides a first measure of the extent and growth 
of each nation’s inventive activity important enough to 
be patented outside of the country of origin. These 
data are tabulated by priority vear. (See “International 
Patent Families as a Basis of Comparison” for defini- 
tion.) Since 18 months usually separate the patent fil- 
ing date from the date of publication, available data 
may be incomplete prior to 1980 and after 1990; there- 
fore, the period examined is 1980 to 1990." 


@ Highly cited inventions: Interpatent citations are an 
accepted method of gauging the technological value 
or significance of different patents." These citations, 
provided by the patent examiner usually on the front 
page of a patent document, indicate the “prior art" — 
i.e., the technology in related fields of invention— 
that was taken into account in judging the novelty of 
the present invention.' The number of citations a 
patent receives from later patents serves as an indi- 
cator of the original patent’s technical importance or 
value. The technological significance indicator used 
here attempts to assess a country’s contribution 
toward advancing the particular field of technology 
by determining the number of patent families from 
each priority country that are highly cited. “Highly 
cited” in this case means the top 1 percent of fami- 
lies in terms of the number of citations received. To 


In many countries, patent applications are published, automatically, 
18 months after the priority filing 

Carpenter, Narin, and Woolt (1981) show that technologicalls 
Important | 
tions as does the average | 
tv of interpatent citation as an indicator of patent quality. Albert, Avery, 
Narin, and \eoAllister 
usetul tool in identitving commercially important patents 

The citations counted are those placed on patents filed with the 
lLuropean Patent Office (PO) by Pro examiners, since EPO citations are 
believed to be a less biased and broader source of citations than those 
of the ts. Patent and Trademark Office. See Claus and Higham (1982) 

“Citation data are based on the teftal number of patent families, not 

just the ternational families 


s. patents on average receive Twice as many examiner cita 
~ patent, thus helping to confirm the validi 


(W001) show that citation counts prove to be a 


normalize differences in number of patent families, a 
country’s share of highly cited patents are divided 
by its share of total patent families. 


@ International patent family size: Given the signifi- 
cant costs associated with obtaining patent protec- 
tion in multiple countries, it can be assumed that 
the number of countries in which protection has 
been sought is an indicator of the perceived com- 
mercial potential of an invention. An indicator of rel- 
ative national rankings of commercial potential is 
calculated by comparing mean family size for inter- 
national patent families by priority country." 


Robot Technology 


Robot technology, a high-visibility facet of advanced 
manufacturing, is easily associated with this broader 
technology sector. For this study, robot technology was 
defined as program-controlled manipulators, including 
the manipulator, program control, gripping heads, joints, 
arm sensors, safety devices, and accessories; and exclud- 
ing nonprogram-controlled manipulators, prosthetic 
devices, and toy robots.” 


International Patenting Activity. An examination of 
international patenting trends during the 1980-90 decade 
highlights the rapid growth taking place in the develop- 
ment of robot technology. The number of international 


“Operationally, this means counting the number of countries ina 
family in which a patent publication G.e., a published patent application 
or an issued patent) exists 

‘The trends discussed for robot technology are estimates based on 
a sample of 2.357 records drawn trom a population of 10.203 records 
listed in Derwent’s World Patent Index Latest (vert) database. The 
population consisted of all WE robot technology records with basic 
patent publications published in 198) through mid-1993 and priority 
applications in the United States, Japan, West Germany, East 
Germany, France, Great Britain, and South Korea. The sampling 
method was random sample, stratified by priority country. The seven 
countries accounted tor about 64.4 percent of total robot technology 
famihes. The thenSoeviet Union accounted for about another 28 per 
cent, but was not included because of incomplete data associated with 
that country’s breakup 
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patent families with priority applications in the seven 
countries examined (the United States, Japan, West 
Germany, East Germany, France, Great Britain, and 
South Korea) rose quickly and steadily from 1980 to 1988 
before slowing down in the following 2 years. Patenting 
activity by this seven-country group accounts for about 65 
percent of all families in this technology area. 

The conventional perception of Japan as an innovator 
in the area of advanced manufacturing techniques is 
reinforced by the large number of robot inventions for 
which Japanese firms have sought international patent 
protection. Japan led all other countries in the total num- 
ber of international patent families in robot technology 
created during the entire 1980-90 period. (See figure 6-23 
and appendix table 6-22.) Japan held 39 percent of the 
3,264 international patent families created during this 
decade, followed by the United States (23 percent), West 
Germany (17 percent), France (12 percent), and Great 
Britain (6 percent). 

Rankings for Japan and the United States change 
somewhat when the total number of foreign applications 
associated with each country’s robot technology is con- 
sidered. Looking at the entire 1981-90 period, the United 
States ranks slightly ahead of Japan (28 versus 27 per- 
cent), but the United States overtakes Japan only after 
U.S. firms doubled their foreign patent activity in robot 
technology in the 1986-90 period compared with 1981 to 
1985. Japanese firms also increased their foreign patent 
activity in the latter half of the decade, but not to the 
extent recorded for the United States. (See text table 6-4.) 

Data were also compiled for the former East Germany 
and South Korea. While East Germany showed consider- 
able domestic patent activity involving robot technology, 
that same level of technological activity is not evident 
when data on international families are examined. This 
may reflect their isolation from trade with the Western 
world. Data for South Korea show only a few domestic 
patents, and South Korean companies have sought inter- 
national patent protection for nearly all of these robot 
inventions. This indicates a high interest in international 
commercialization common to trade-based economies of 
newly industrializing countries like South Korea. 


Highly Cited Inventions. Japan led all countries—and 
by a wide margin—with 67.5 percent (36 of 53) of all 
highly cited robot technology patents”! generated during 
the 1981-85 period. France (with 11.2 percent of the high- 
ly cited patents), West Germany (9.8 percent), and the 
United States (9.6 percent) trailed distantly. (See 
appendix table 6-23.) Japan and France each had about 
1.6 times the number of highly cited inventions as expect- 
ed based on their levels of activity (i.e., their total num- 
bers of families). (See text table 6-5.) West Germany, the 
United States, and Great Britain did not produce the 


Operationally, these included all families with priority application 
dates from 1981 to 1985 with five or more citations, and those with pri- 
ority application dates from 1986 to 1990 with two or more citations. 
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Figure 6-23. 
Robot technology: Share of international patent 
families, by priority year and country 
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NOTES: An international patent family is created when patent 
protection is sought outside of the patenting country. German data are 
for the former West Germany only. 


See appendix table 6-22. 
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Text table 6—4. 
Robot technology: Total number of foreign patents, by priority country 
1981-85 1986-90 1981-90, 
Number of Country Number of Country Number of Country 
Priority foreign share of foreign share of foreign share of 
Country patents total patents total patents total 
Ns an bis hs 60.9 5 0 6,692 100.0 10,387 100.0 17,079 100.0 
United States.............. 1,584 23.7 3,193 30.7 4,777 28.0 
SET ae ae 1,948 29.1 2,627 25.3 4,575 26.8 
West Germany. ............ 1,359 20.3 1925 18.5 3,284 19.2 
ee 1,059 15.8 1,890 18.2 2,949 17.3 
United Kingdom ............. 696 10.4 664 6.4 1,360 8.0 
ee 46 0.7 56 0.5 102 0.6 
South Korea. .............. 0 0.0 32 0.3 32 0.2 


NOTE: Patent population is estimated. 


SOURCE: World Patents Index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associates under contract to 


the National Science Foundation. 


expected number of highly cited inventions. Specifically, 
West Germany produced only 80 percent of what might 
be expected based on the number of inventions it pro- 
duced during this period, and the United States and 
Great Britain produced about half of what was expected. 
Japan and France thus appear to have contributed a dis- 
proportionate number of important robot inventions rela- 
tive to their level of inventive activity. 

In the 1986-90 time period, the United States caught 
up with Japan in terms of number of highly cited fami- 
lies: Each country had nearly 41 percent of highly cited 
families for that time. Rankings for the other countries 
did not change substantially. Although the United States 
and Japan each had the same share of highly cited fami- 
lies, this represented a much larger share for the United 
States when adjusted for level of activity. The United 
States had twice the number of highly cited inventions 
as would be expected based on its share of all families, 
while Japan fell short (producing 90 percent of what was 
expected). This suggests that even though Japan had a 
higher number of robot inventions, U.S. inventions were 
more technologically important. 


Text table 6—5. 
Robot technology: Citation index 

Citation ratio 
Priority country 1981-85 1986-90 
United States ........ 0.5 2.1 
Rss sivicveccess TH 0.9 
a 1.2 
West Germany ....... 0.8 0.6 
Great Britain......... 0.4 0.6 
East Germany........ 0.0 0.0 
SouhiMorea......... 0.0 0.0 


NOTE: The citation index is derived from the priority country’s share of 
highly cited patent families ov ced by its share of total patent families. 


See appendix table 6—23 ence & Engineering Indicators - 1993 
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Mean International Patent Family Size. When 
mean international patent family size is calculated for 
robot technology, France and Great Britain show the 
highest levels of perceived commercial value based on 
this measure. Those robot inventions originating in 
France and Great Britain for which patent protection 
has been sought in at least one other country have a 
mean patent family size of 8.5 and 7.9 countries, respec- 
tively, closely followed by the United States (7.4 coun- 
tries) and West Germany (6.9 countries). Japan’s and 
South Korea’s international robot patent families tended 
to be much smaller. (See text table 6-6.) 

The United States again shows surprising strength in 
this indicator, especially in light of the fact that the coun- 
tries it trails are all located in Western Europe and have 
many commercial, locational, and historical ties that facili- 
tate multiple-country patenting. The move toward 
European unification has also encouraged wider patenting 


Text table 6-6. 
Robot technology: Number of international patent 
families and average family size 

Number of Average 
Priority country families family size 
ee 435 8.5 
Great Britain ....... 205 7.9 
United States....... 833 7.4 
West Germany...... 587 6.9 
ee 1,321 4.0 
South Korea ....... 12 3.2 
East Germany...... 56 2.8 


NOTE: Patent family size is determined by the nubmer of countries for 
which patent protection is sought for a single invention. The number of 
international families in this table is not the same as in appendix table 6- 
22 because this table includes all robot families with basic patents pub- 
lished in 1981 through mid-1993 


SOURCE: World Patents Index database (London: Derwent Publications. 
LTD), special tabulations by Mogee Research & Analysis Associates 
under contract to the National Science Foundation. 


Science & Engineering Indicators — 1993 


Science & Engineering Indicators — 1993 


within Europe; however, this influence is probably not 
yet revealed fully in these data.” 


Genetic Engineering 


As robot technology is closely identified with advanced 
manufacturing, genetic engineering is closely identified 
with the broad field of biotechnology. For this study, genetic 
engineering is defined as RDNA technology—or more 
specifically, as the formation of microbial mutants by 
RDNA techniques. It covers processes for isolation, prepa- 
ration, and purification of DNA or RNA, DNA or RNA frag- 
ments and modified forms thereof; the introduction of 
foreign genetic material using vectors; vectors; use of 
hosts; and expression. As used here, genetic engineer- 
ing excludes monoclonal antibody technology.” 


International Patenting Activity. The decade of the 
1980s really marks the introduction of genetically engi- 
neered products to the global marketplace. From 1980 to 
1985, the number of international patent families in this 
field increased tenfold; it had doubled again by 1989. (See 
appendix table 6-24.) All of the seven countries with signif- 
icant technological activity generally followed this trend. 

The United States is widely considered the global leader 
in the field of biotechnology, and these data support that 
perception. The United States is the priority country 
(i.e., the location of first patent application) for 57 per- 
cent of the internationally patented inventions created 
during the 1980-90 period. Japan follows with 20 percent, 
the United Kingdom with 9 percent, and West Germany 
with 8 percent. (See figure 6-24.) 

When the total number of foreign applications associ- 
ated with each country’s genetic engineering technology 
is considered, the United States continues to lead all 
other countries in international patenting in this field. 
The United States had more foreign patents than the 
other six countries combined, accounting for nearly 60 
percent of the 27,000 foreign patents. Comparing the 
1986-90 period to the 1981-85 period, it appears that sev- 
eral other countries are gaining on the United States. 
The United States led in both halves of the decade, fol- 
lowed by Japan, but both countries’ leads declined as 
West German, British, and French foreign patenting 
shares in this field grew comparatively more rapidly. 
(See text table 6-7.) 


Highly Cited Inventions. The United States, with 50 
percent of the total patent families recorded during the 
1981-85 period, had the largest proportion of highly cited 


Since patent applications may take up to 18 months before publica- 
tion, patenting activity data for the years after 1990 are available but 
incomplete. 

The trends discussed for genetic engineering technology are 
based on the population of 4,385 genetic engineering patent records in 
the World Patents Index Latest database, with priority applications in 
the seven countries under study and basic patent publications from 
1981 to early 1993. These seven countries accounted for about 85.4 
percent of total genetic engineering patent families. 


Figure 6-24. 
Genetic engineering: Share of international patent 
year and country 


families, by priority 


¢ 181 


Great Britain — 
16% 


1990 
N = 441 inventions 


NOTES: An international patent family is created when patent protection 
is sought outside of the patenting country. German data are for the 


former West Germany only 
See appendix table 6-24. 
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182 ¢ Chapter 6. Technology Development and Competitiveness 
Text table 6-7. 
Genetic engineering: Total number of foreign patents, by priority country 
1981-85 1986-90 1981-90 
Number of Country Number of Country Number of Country 
Priority foreign share of foreign share of foreign share of 
Country patents total patents total patents total 
Mens iu oy ac ne eea ea 7,968 100.0 19,463 100.0 27,431 100.0 
a ced ean ews 5,181 65.0 11,159 57.3 16,340 59.6 
EE ee 1,344 16.9 2,885 14.8 4,229 15.4 
West Germany............. 599 7.5 2,268 11.7 2,867 10.5 
United Kingdom ............ 673 8.4 2,063 10.6 2,736 10.0 
hE eee 155 1.9 1,026 5.3 1,181 4.3 
a i io til a wee ed 0 0.0 44 0.2 44 0.2 
East Germany ............. 16 0.2 18 0.1 34 0.1 


NOTE: Patent population is estimated. 


SOURCE: World Patents index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associates under contract to 


the National Science Foundation. 


patent families—73 percent, or 8 of the 11 such families 
identified.”! (See text table 68 and appendix table 6-25.) 
With 36 percent of the total families, Japan had just 2 (18 
percent) that were highly cited. Great Britain was the 
only other country with any patent families considered 
highly cited—1; it had fewer than 6 percent of the total 
patent families in this field. 

In the 1986-90 time period, both the number of new 
genetic engineering inventions (patent families) and the 
number of technically important patent families were 
nearly three times that recorded during the earlier period. 
Japan (with 1,317 families) mo: ed ahead of the United 
States (with 1,125) in terms of toial number of patent fami- 
lies; however, the United States continues to produce the 
most highly cited patent families in this technology field. 
In fact, the United States accounted for 23 of the 35 highly 
cited patent families filed during the later period, and had 
1.8 times as many highly cited patent families as expected 
based on its level of activity. Great Britain, with far fewer 


‘Operationally, this included all families with priority application 
dates from 1981 to 1985 with 12 or more citations, and those with prior- 
itv application dates from 1986 to 1990 with 6 or more citations. 


Text table 6-8 
Genetic engineering: Citation index 

Citation ratio 
Priority country 1981-85 1986-90 
Great Britain......... 1.7 2.3 
United States ........ 1.4 1.8 
a 0.0 2.5 
ee 0.5 04 
West Germany....... 0.0 0.0 
East Germany........ 0.0 0.0 
South Korea......... 0.0 0.0 


NOTE: The citation index is derived from the priority country’s share of 
highly cited patent families divided by its share of total patent families 


See appendix table 6-25. Science & Engineering Indicators - 1993 
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patent families than either Japan or the United States, pro- 
duced 2.5 times the number of highly cited patent families 
a. expected based on its level of activity. 

Despite the large jump in new genetic engineering tech- 
nologies originating in Japan, the United States appears to 
lead the other countries in terms of the technological merit 
of the work being done, based on this indicator. Work done 
in Great Britain has not produced the same number of 
patented inventions as in Japan or the United States, but this 
work does appear to represent important advancements. 


Mean International Patent Family Size. Patented gene- 
tic engineering inventions developed in Western Europe and 
the United States appear to be the most commercially valu- 
able based upon this measure. This indicator identified 
patented inventions originating in West Germany as having 
the highest commercial potential based on comparison of the 
mean size of international patent families for this technology. 
(See text table 6-9.) West German internaticnal patents have, 


Text table 6-9. 
Genetic engineering: Number of international patent 
families and average family size 

Number of Average 
Priority country families family size 
West Germany...... 209 15.5 
ree 103 13.1 
Great Britain ....... 251 12.8 
United States....... 1,492 12.0 
— eee 526 94 
South Korea ....... 6 8.2 
East Germany...... 6 6.7 


NOTE: Patent family size is determined by the nubmer of countries for 
which patent protection is sought for a single invention. The number of 
international families in this table is not the same as in appendix table 
6-22 because this table includes all robot families with basic patents 
published in 1981 through mid-1993 


SOURCE: World Patents Index database (London: Derwent 
Publications, LTD). special tabulations by Mogee Research & Analysis 
Associates under contract to the National Science Foundation 
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on average, sought patent protection in 15 countries; French 
and British origin international patents have sought patent 
protection in 13 countries. Patented genetic engineering 
inventions originating in the United States rank fourth in per- 
ceived commercial exploitation potential. Inventions originat- 
ing in Japan, South Korea, and East Germany trailed the 
United States based on this measure. 


Optical Fibers 


National technolugical positions in the broad and amor- 
phous field of information technology have here been 
assessed through an examination of international patent- 
ing activity of optical fiber technology. Optical fibers are 
flexible, transparent fibers, usually made of extremely 
pure glass, and designed and manufactured to guide rays 
of light. Optical fibers have a greater information-carrying 
capacity than copper wire: communications companies— 
anticipating future information demands—are increasing- 
ly replacing their copper wire transmission lines with 
new lines made of optical fiber. For this study, optical 
fibers were defined to include plastic fibers, optical fiber 
bundles, optical preforms, and integrated optical waveg- 
uides. The definition excludes optical fiber cables and 
connectors, light sources and receivers, couplers, ampli- 
fiers, repeaters, and switches. The seven countries ana- 
lyzed account for approxim'ely 94.6 percent of total 
patent activity by all coun! res in this technology.” 


International Patenting Activity. During the 1980-90 
period, the seven countries nalyzed generated a total of 
1,872 international patent families in the field of optical 
fibers. The formation of international patent families 
increased nearly every year during the 1980s (there was 
a slight decrease in number in 1989 compared to 1988), 
reaching a period high of 261 international patent fami- 
lies formed in 1990.” 

Japan and the United States led all other nations in the 
formation of international patent families involving optical 
fiber technology. Japan surpassed the United States in 
1981 and led the seven-nation group thereafter. (See 
appendix table 6-26.) Japan held 36 percent of the total 
(with 684 international families) families formed over the 
period studied; the United States held 30 percent (559 
international families). West Germany, Great Britain, and 
France trailed with 17, 9, and 7 percent of the total, respec- 
tively. East Germany and South Korea had comparatively 


The trends discussed for optical fiber technology are estimates 
based on a sample of 4.930 patent records drawn from the population of 
7.848 optical fiber patent records in the World Patents Index Latest 
database with priority applications in the seven countries under study 
and basic patent publications trom 1981] to early 1993. The 4.950 patent 
records include the entire population of optical fiber patent families 
with priority applications in the United States, West Germany, bast 
Germany, Great Britain, France, and South Korea; and a 4-percent 
sample of the patent families with a priority application in Japan. 
Therefore, data presented tor Japan are estimates, while data presented 
for the other six countries are true population figures 
*1990 is the last vear tor which complete data are availabk 


Figure 6-25. 
Optical fiber technology: Share of international 
patent families, by priority year and country 


1980 
N = 61 inventions 


Other - 1% 


1985 
N = 135 inventions 


Other -— 0% 


Great Britain - 
7% 


Germany - 
17% 


1990 
N = 261 inventions 


NOTES. An international! patent family is created when patent 
protection is sought outside of the patenting country German data 
are for the former West Germany only 
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184 ¢ Chapter 6. Technology Development and Competitiveness 
Text table 6-10. 
Optical fiber technology: Total number of foreign patents, by priority country 
— . —— . ———. . a 
Number of Country Number of Country Number of Country 
Priority foreign share of foreign share of foreign share of 
Country patents total patents total patents total 
i he's 65 nig ae 4,063 100.1 7,527 100.0 11,590 99.9 
United Gtetes.............. 1,457 35.9 2,555 33.9 4,012 34.6 
Ea 1,228 30.2 1,796 23.9 3,024 26.1 
West Germany............. 673 16.6 1,485 19.7 2,158 18.6 
United Kingdom ............ 454 11.2 1,023 13.6 1,477 12.7 
as nen k eke 230 5.7 654 8.7 884 7.6 
TE sé ce ndet sane ws 20 0.5 5 0.1 25 0.2 
East Gowmary ...........--; 1 0.0 9 0.1 10 0.1 


NOTE: Patent population estimated. 


SOURCE: World Patents index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associate under contract to 


the National Science Foundation. 


insignificant numbers of international patent families in 
this technology. (See figure 6-25.) 

When the total number of foreign applications associ- 
ated with each country’s optical fiber technology is con- 
sidered, the United States and Japan switch places, and 
the United States becomes the leader in terms of total 
numbers of foreign patents sought for optical fiber tech- 
nology. Out of a total of 4,063 optical fiber foreign 
patents generated from priority applications filed by the 
seven countries under study during the 1981-85 period, 
the United States generated 36 percent (1,457 patents) of 
the total, and Japan generated 30 percent (1,228 
patents). In the second half of the decade, the United 
States improved on its lead over Japan. However, the 
Western European nations showed the greatest growth 
in foreign patenting, gaining on both the United States 
and Japan. (See text table 6-10.) 


Highly Cited Inventions. During the 1981-85 period, 
the seven countries together created 2,043 optical fiber 
patent families, of which 22 were highly cited.” Japan 
generated the greatest number of patent families in this 
technology area during this period and also had the 
greatest number of highly cited inventions—12 (or 54 
percent of all highly cited patent families). Yet, when 
each country’s number of highly cited patent families is 
normalized by calculating its citation ratio, the United 
States leads all seven nations. The United States had a 
citation ratio of 2.0, or two times as many highly cited 
patent families than would be expected given its share of 
total families during this period. Japan's citation ratio, 0.9, 
suggests (iol the 12 highly cited families produced by 
Japan is period were slightly below expecta- 
tions, ¢ ‘otal number of patent families generated 
by Japan. Great Britain had only one highly cited family, 


(Operationally, these included all families with priority application 
dates trom 1981 to 1985 with eight or more citations, and those with pri 
ority application dates trom 1986 to 1990 with three or more citations 
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but meets expectations in this indicator with a citation 
ratio of 1.0. (See text table 6-11 and appendix table 6-27.) 

In the 1986-90 time period, the number of optical 
fiber inventions (patent families) doubled, and the num- 
ber of technically important patent families were over 
three times that recorded during the earlier period. 
Japan accounted for nearly 69 percent of the patent 
families generated in this period, but again did not pro- 
duce the expected number of highly cited families out 
of this total. It ended up with a citation ratio of only 0.5. 
With a citation ratio of 2.6, the United States once again 
shows high productivity of technically important optical 
fiber inventions. 

Several European countries showed greater productiv- 
ity of technically important optical fiber inventions in the 
late 1980s. Great Britain stands out in this later period, 
with a citation ratio of 3.5, the highest among the seven 
countries. France, with a citation ratio of 2.9 during this 
period, also greatly exceeds expectations, producing 
nearly three times the number of highly cited families 
expected from its total number of optical fiber inventions 
patented during this period. 


Text table 6-11. 
Optical fiber technology: Citation index 
Citation ratio 
Priority country 1981-85 1986-90 
United States........ my) 2.6 
Tee eee 08 0.5 
Great Britain......... 1.0 3.5 
ee .. 00 29 
West Germany....... 05 1.1 
EastGermany........ 0.0 0.0 
South Korea......... 0.0 0.0 


NOTE: The citation index is derived from the priority country’s share of 
highly cited patent families divided by its share of total patent families 


See appendix table 6-27 Science & Engineering Indicators - 1993 
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Number of Average 
Great Britain ....... 174 10.0 
United States....... 634 8.0 
te ae Cae 154 79 
West Germany... ... 351 78 
init eebn een 734 5.2 
South Korea ....... 6 48 
East Germany ...... 10 2.0 


NOTE: Patent family size is determined by the nubmer of countries for 
which patent protection is sought for a single invention. The number of 
international families in this table is not the same as in appendix table 
nen ety pe yaaa 


patents published in 1981 through mid- 1993. 
SOURCE: World Patents index database (London: Derwent 
Publications, LTD), ee ee ee eae 
Associates under contract to the National Science Foundation. 
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Mean International Patent Family Size. Based on 
mean internationa’ family size, the optical fiber inventions 
with the highest perceived foreign market potential were 
produced in Great Britain. Patent protection for these 
British-origin optical fiber inventions has been sought in, 
on average, 10 foreign countries. This compares to an aver- 
age international patent family size of about eight countries 
for the United States, France, and West Germany (8.0, 7.9, 
and 7.8 countries on average, respectively). 

Optical fiber inventions developed in Japan for which 
firms sought patent protection in at least one other coun- 
try, on average, have an international patent family size of 
just 5.2 countries. (See text table 6-12.) The optical fiber 
inventions from South Korea and East Germany had even 
less perceived potential in foreign markets, with average 
international family sizes of just 4.8 and 2.0, respectively. 


Small Business and High Technology 


Many of the new technologies and industries seen as 
critical to the Nation’s future economic growth are close- 
ly identified with small business. For example, biotech- 
nology and computer software are industries built 
around new technologies that were*largely commercial- 
ized by small business.” Small business retains certain 
advantages over large businesses in commercial environ- 
ments characterized by fast-moving technologies and 
rapidly changing consumer needs. A keen receptivity to 
new product ideas found outside their own operations 
characterizes this efficiency (see Hanson 1991). Small 
businesses supplement internal product development 


“The role of small business as a commercializer of new technolo- 
gies is somewhat unique to the United States. See Mowery and 
Rosenberg (1993). 


with new product ideas drawn from dealings with cus- 
tomers, suppliers, government labs, universities, and 
others to ensure useful innovations. These attributes 
make small business a key sector to watch as the Nation 
seeks to stimulate the development, adoption, and diffu- 
sion of new technologies.” 

This section presents information on new company for- 
mation in the United States and foreign ownership of new 
high-tech companies.” The discussion focuses on compa- 
nies active in the following eight technology fields: 


@ automation, 

@ biotechnology, 

@ computer hardware, 

@ advanced materials, 

@ photonics and optics, 

@ software, 

@ electronic components, and 
@ telecommunications. 


These fields encompass many of the technologies con- 
sidered critical to the country’s future economic compet- 
itiveness (National Critical Technologies Panel 1993). 


Trends in New U.S. High-Tech Business 
Startups 


The rapid formation of new high-tech companies 
observed during the second half of the 1970s and the 
early 1980s was followed by a sharp decline in such forma- 
tions in the late eighties. (See appendix table 6-28.) That 
declining trend appears to be continuing into the early 
1990s with the number of annual company formations 
averaging only about one-third of that seen in the slower 
second half of the 1980s. Still, nearly half of all U.s. high- 
tech companies operating in 1993 were formed in just the 
last 14 years. That proportion is even higher (around 60 


“In a 1982 study done for the Small Business Administration com- 
paring innovation between small and large firms, it was found that 
small firms produced 2.4 times as many innovations per employee as 
did large firms. See Futures Group (1984) and Hanson, Stein, and 
Moore (1984). 

“Information in this section is derived from the CorpTech database, 
owned by Corporate Technology Information Services, Inc. The 
CorpTech database permits an inspection oi small business entities by 
technology field. This database includes many of the new startups and 
private companies often missed by other databases and is one of the 
most current sources of information on small newly formed companies 
active in high-tech fields. The database attempts to be all-inclusive: by 
Corptech’s own estimate, it includes 99 percent of large companies 
(over 1,000 employees), 75 percent of medium-sized companies with 
250 to 1,000 employees, and 65 percent of companies with less than 
250 employees. When prospective companies for inclusion in the 
database are identified. they are sent questionnaires covering their 
size; status (private or public, independent, subsidiary. or joint ven- 
ture); year formed; and product groups in which they are active. The 
version of the database used here (Rev. 8.2 1993) includes about 
35,000 independently managed companies. 
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percent) for computer-related companies and for compa- 
nies whose main business involves biotechnology. 

Technologically, the 1980s mark the decade of the com- 
puter and its rapid integration into America’s daily life. By 
the mid-eighties, it was hard to find a modern office that 
did not use a personal computer (PC), a new car that did 
not include computerized functions, or a child that did not 
have access to a PC in elementary school. The trends in 
new company formations among the various ficids of tech- 
nology reflect this revolution. For example, about half of 
the new high-tech businesses formed since 1980 were 
computer-related companies. Among these, software com- 
panies accounted for the largest number. 

The number of new software companies stands out not 
just in the computer-related category but also when com- 
pared to all other technology fields. According to the 
CorpTech database, software development and/or servic- 
ing is the primary business for 34 percent of the 10,000 
new high-tech companies formed since 1980 and in exis- 
tence in 1993. However, the large number of new software 
companies started in the early 1980s (1980-84) was not 
duplicated in the second half of the decade, with the num- 
ber of new software startups dropping nearly 45 percent. 
Thus far in the 1990s, software technology continues to 
create the greatest number of small business startups 


A A 


0 10 20 30 40 
Percentage of all high-tech companies 
formed during each period 
NOTE: Data refiect information collected through July 1993. 
See appendix table 6-28. Science & Engineering indicators - 1993 
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among the eight technology fields examined, but not at 
the pace set during the previous decade. (See figure 6-26.) 

Other technology fields that exhibited relative share 
growth in the early 1990s are companies in the biotech- 
nology, advanced materials, and photonics and optics 
fields. Biotechnology was the only technology field that 
exhibited produced steady relative share growth during 
the 1980s and into the early 1990s. 


Foreign Ownership of U.S. High-Tech Companies 

Fewer than 7 percent of the 23,000 new high-tech 
companies listed in the CorpTech database were under 
foreign ownership in 1993. (See appendix table 6-29.) 
The United Kingdom has the largest U.S. presence, fol- 
lowed by Japan and Germany. Although these three 
countries own companies active in each of the eight 
technology fields examined, they each tend to be drawn 
to certain fields. The United Kingdom and Germany tend 
to own U.S. companies involved in the development of 
advanced materials, and Japan tends to own telecommu- 
nications and computer hardware companies. 

Compared with the major industrializec -‘ountries, 
Taiwan and South Korea own relatively few U.s. nyh-tech 
companies. Taiwan's acquisitions are in two fields—com- 
puter hardware and telecommunications. South Korea 
also owns companies in these fields, but its largest con- 
centration of acquisitions are in the biotechnology field. 


New High-Tech Competitors” 


The previous sections identified several nations that 
have made tremendous technoijogical leaps forward over 
the past decade. Whether these countries will play even 
more important roles in technology development in the 
near future remains to be seen, but several Asian econ- 
omies appear to be well-positioned for just such roles. 
Their large and continuing investments in science and 
engineering education and R&D resources and infrastruc- 
ture provide a foundation on which to build their position 
in many high-tech areas.™ 

This section attempts to assess the future national 
competitiveness in high-tech industries of eight Asian 
economies: the four newly industrialized economies— 
Hong Kong, Singapore, South Ki rea, and Taiwan—and 


“This section presents early results of research sponsored by the 
National Science Foundation aimed at developing new indicators of 
national technological competitiveness. These indicators have under- 
gone extensive validity and reliability testing that supports their use as 
a tool for both policy analysis and research. See Roessner, Porter, and 
Xu (1992). The present discussion focuses on several Asian economies 
whose rapid growth or potential to make important contributions in 
SAT areas has attracted the attention of the industrialized world. Data 
assessing the high-tech potential of countries in other important 
regions are being collected in order to provide more comprehensive 
assessments of technological competitiveness in future Science 4 
Engineering Indicators reports 

“See chapter 2, “Asian Students in U.S. Universities,” and srs 
(1993) 
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Leading Indicators of National Competitiveness 


The model used to develop the competitiveness pro- 
jections discussed in this section combines various 
quantitative data with expert-derived measures to pro- 
duce the following four leading indicator areas. 


@ National commitment: evidence that a nation is 
taking directed action to achieve technological 
competitiveness. 

@ Sociveconomic infrastructure: the social and eco- 
nomic institutions that support and maintain the 
physical, human, organizational, and economic 
resources essential to the functioning of a mod- 
ern, technology-based industrial nation. 


@ Technological infrastructure: the social and eco- 
nomic institutions that contribute directly to a 


nation’s capacity to develop, produce, and market 
new technology. 


@ Productive capacity: the physical and human 
resources devoted to manufacturing products, and 
the efficiency with which those resources are used. 


These indicators have been thesubject of several 
research projects conducted in three phases over 5 
years. Phase I sought to identify a set of composite indi- 
cators that could be used to assess current and future 
national competitiveness in technology-based product 
markets; phase II focused on expanding country cover- 
age and testing the indicators; and phase III, now under 
way, entails further model refinement and testing. For 
further details on this research and on indicator con- 
struction, see Porter and Roessner (1991). 


four countries viewed as emerging Asian economies 
(EAEs)—China, India, Indonesia, and Malaysia. This 
competitiveness is gauged through scores in four lead- 
ing indicator areas—national commitment, socioeconom- 
ic infrastructure, technological infrastructure, and pro- 
ductive capacity.”’ (See figure 6-27.) These indicators 
were designed to identify those countries with the poten- 
tial of becoming more important exporters of high-tech- 
nology products over the next 15 years. A more thor- 
ough discussion of the indicators and projection model 
used in this analysis is provided in “Leading Indicators of 
National Competitiveness.” 


National Commitment 


The national commitment indicator attempts to identify 
those nations whose business, government, and cultural 
orientation encourages high-technology development. This 
indicator was constructed using information from a survey 
of international experts” and published data. The survey 


These four indicators were used by OTA (1992) to examine 
Mexico's technological capacity. 

"The scores discussed in this section are extracted from Roessner 
(1992). This report calculated standard scores based on data for 10 
economies: China, Hong Kong, India, Indonesia, Malaysia, the 
Philippines, Singapore, South Korea, Taiwan, and Thailand. “The sur- 
vey instrument consisted of 15 closed-ended questions with responses 
on a five-point scale. The instrument was sent to a sample of country 
experts in April 1990. Experts were selected because of their know!l- 
edge of the technology policies and socioeconomic conditions in [the] 
countries studied... Occasional high variance in responses to individ 
ual survey items were atrributable to rater inconsistencies rather than 
to inherent uncertainty about a nation’s status. Generally, the surveys 
items discriminated well among countries, and the median standard 
deviation of responses to individual questions within countries was 
less than one on a five-point scale” 

“The survey instrument consisted of 15 closed-ended questions with 
responses on a l-point scale. The instrument was sent to a sample of 
country experts in April 1990; these experts were selected based on 
their knowledge of the technology policies and socioeconomic condi- 
tions in the countries studied. Occasional high variance in responses to 


asked the experts to rate national strategies that promote 
hightech development, social influences favoring techno- 
logical change, and entrepreneurial spirit. The published 
data were used to rate each nation’s risk factor for foreign 
investment over the next 5 years (Frost and Sullivan 1987 
and 1989). 

The four Asian NIEs received very close ratings on this 
indicator. (See figure 6-27.) However, experts’ higher rat- 
ings for Hong Kong's cultural and social attitudes about 
new technology and its strong entrepreneurial spirit ele- 
vated that economy's composite score over the other NIEs. 
(See appendix table 6-30.) 

Three of the four emerging Asian economies (China, 
India, Indonesia) scored quite low relative to other nations 
on this indicator. Their scores were brought down by 
experts’ comparatively low judgments of their cultural and 
social attitudes toward new technology and entrepreneur- 
ship. China had the lowest overall score of the three, a result 
of being judged to have the highest investment risk and the 
lowest predisposition for innovative action and risk-taking. 

According to this indicator, Malaysia leads the other 
EAEs in its national commitment toward achieving tech- 
nological competitiveness. Malaysia's scores were con- 
sistently and significantly higher than those of the other 
EAFs across the full range of variables considered for 
this indicator. Nevertheless, Malaysia's scores were still 
well below those for the more advanced Asian NIEs. 


Socioeconomic Infrastructure 


This indicator assesses the underlying physical, finan- 
cial, and human resources needed to support high-tech 


individual survey items were attributable to rater inconsistencies rather 
than to inherent uncertainty about a nation’s status. Generally, the sur 
vey items discriminated well among countries, and the median stan- 
dard deviation of responses to individual questions within countries was 
less than 1 on the >point scale (Roessner, Porter, and Xu 1992) 
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NOTE. Scores were normalized to median vaiues of zero for the 10 
economies (the 8 noted here and the Prulippines and Thailand). based 
on surveys of expert opinion conducted in 1990 and statishca! data tor 
the late 1980s. 


See appendix table 6-30 Science & Engineering indicators - 1993 
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development. It was built from published data on percent- 
ages of population in secondary schoo! and higher educa- 
tion” and survey data evaluating the mobility of capital 
and the extent to which foreign businesses are encour- 
aged to invest and/or do business in each country. 

The data again show a clear separation between the 
NIEs and EAEs. (See figure 627.) Although NIE scores for 
this leading indicaior are tightly bunched, Taiwan 
received the highest score on the basis of its strong track 
record for general educatien. Hong Kong scored high on 
those variables comparing mobility of capital and encour- 
agement of foreign investment. 

Among the EAFs, Malaysia was rated highest, based on 
the underlying physical, financial, and human resources it 
has to support technology development. Malaysia's score 
was bolstered by a stronger showing in both published edu- 
cation data and the cxperts’ opinions of Malaysia's physical 
and financial resources. India had the lowest overall score: 
it was held back by a poor rating on the variable comparing 
the encouragement of foreign business and investment. 


Technological Infrastructure 


Four variables are used to develop this indicator which 
evaluates (1) a nation’s potential to expand its scientific 
and technological knowledge and (2) the industrial focus 
of its R&D enterprise. This indicator was constructed 
using published data on the number of scientists in R&D 
(United Nations data); national purchases of electronic 
data processing equipment (Elsevier Advanced Tech- 
nology); and survey data that asked experts to rate the 
econcny’s output of indigenous academic science and 
engineering, the ability to make effective use of technical 
knowledge, and the linkages of R&D to industry. 

Taiwan received the highest composite score of the eight 
Asian economies (both NiEs and AEs), with strong ratings 
for each of the variables. (See figure 6-27.) The lowest score 
among the NIES was accorded to Hong Kong. This is not sur- 
prising, considering its traditional reliance on entrepre- 
neurial expertise rather than on formally conducted R&D. 
In addition, its comparatively smaller population may have 
played some part in its low score since numbers of trained 
scientists and engineers and the size of the attendant R&D 
enterprise are compared with countries with much larger 
populations in the region.” However, even thous’; Singa- 
pore’s population is smaller than Hong Kong's, Singa- 
pore’s extensive national investments in information tech- 
nology and its prominence in the region as a computer 
manufacturer more than compensated for any population 
bias and lifted its score above that ‘or Hong Kong. 


The Harbison Myers lndex (which measures the percentage of 
population attaining secondary and hiyher educations) was used for 
these assessments 

This assessment of Hong Kong may change in the near tuture 

purred on by the change in rule from Britain to the China in 1997 
Hong Kong has recently copperrse danew Universaty of Sctence & 
i..nnology and an Industral Technology Center, (Sec Business 


Week 10) 
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Among the EAEs, China and India have the highest rated 
technological infrastructures. China scored well on each of 
the variables, but distanced itself from the other EAEs by 
virtue of its comparatively large purchases of computer 
equipment. India’s relatively high score rested on the 
strength of its large number of trained scientists and engi- 
neers and their many contributions to the S&T knowledge 
base. On the other hand, Indonesia’s large population did 
not save it from the bottom ranking with low scores on 
each of the variables that make up this indicator. 


Productive Capacity 


This indicator evaluates the strength of a nation’s cur- 
rent, in-place manufacturing infrastructure as a baseline 
for assessing its capacity for future growth in high-tech 
activities. It factors in expert opinion on the availability of 
skilled labor, numbers of indigenous high-tech compa- 
nies, and judgments on the management capabilities in 
the country, combined with published data on current 
electronics production in each country. 

Taiwan’s productive capacity scored the highest 
among the NIEs, although South Korea and Singapore 
were not far behind. (See figure 6-27.) Hong Kong fell 
short compared to the other NIEs, with low expert opin- 
ions of its availability of skilled labor and on the variable 
measuring electronics manufacturing. 

Malaysia once again stood out among the EAEs—in 
fact, its score was closer to that of the NiEs than to the 
group of emerging Asian economies. India’s score was 
also quite high compared to the other countries in this 
group, supported by its comparatively large electronics 
manufacturing industry and its tradition of training its 
students in science and engineering. 


Summary: Assessment of Future 
Competitiveness* 


Based on various indicators of technological competi- 
tiveness, including those discussed in this section,” sever- 
al Asian economies seem headed toward future promi- 
nence in technology development—a prominence likely to 
lead to a greater presence in high-tech product markets. 

Taiwan and South Korea seem best positioned to 
increase their competitiveness in technology-related 
fields and markets and move closer to Japan in terms of 
technological stature. Strong patent activity in electron- 


‘For further analysis of future competitiveness of these eight 
economies, see “Results of Preliminary Analysis.” 

“While the conclusions drawn from the leading indicators should be 
considered preliminary. they are consistent with trends presented in 
SRS (1993) and srs (forthcoming). 
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ics and telecommunications, tapping into U.S. technologi- 
cal know-how, and incorporating advanced technology 
products throughout their economies are a few of the 
indicators suggesting technological advancement for 
these economies. The set of leading indicators highlight 
the technological infrastructure and productive capacity 
in both economies that should support further growth in 
their high-technology industries. 

Singapore and Hong Kong, while showing many signs 
of technological strength, seem to be operating on a 
somewhat narrower technology foundation than are 
Taiwan and South Korea. They have not shown the same 
level of patent activity or the same presence in global 
technology markets as have the other two NIEs. Hong 
Kong is the region’s wild card, however. Integration with 
China is scheduled for 1997 and whether the Hong Kong 
industrial and technological base will continue to grow 
will depend upon how it is incorporated in the new China. 

Malaysia is the single emerging Asian economy that, 
on the basis of these indicators, could likely develop into 
the next Asian “tiger”’—that is, an NIE. Malaysia is pur- 
chasing increasing amounts of advanced technology 
products and has attracted large amounts of foreign 
investment to establish its own in-country high-tech man- 
ufacturing facilities. Even if these facilities are mostly 
platform (assembly) operations today, Malaysia’s strong 
national commitment, socioeconomic structure, and pro- 
ductive capacity suggest that as it gains technological 
capabilities, more complex processing will likely follow. 

India shows tremendous strengths in certain of the 
indicators, but also shows tremendous weakness. The 
country has a long tradition of educating highly qualified 
scientists and engineers and a well-deserved reputation 
for excellence in basic research, yet it harbors one of the 
highest illiteracy rates in the region. This anomaly pro- 
duced the lowest score given among the eight eco- 
nomies for the socioeconomic infrastructure indicator. 
Uneven acceptance of foreign products and investment 
has inhibited internal competition that otherwise may 
have motivated India to better capitalize on its engineer- 
ing strengths. Some of the regulations and policies relat- 
ed to foreign investment are slated to change in the near 
future, and this may improve India’s position over the 
long run (The Economist 1991). 

China and Indonesia show many mixed signs in these 
indicators of technology development and competitive- 
ness. Both countries show rising purchases of U.S. 
advanced technology products and increased licensing 
of technological know-how. Yet compared with the other 
Asian economies, these countries do not show the same 
level of national commitment, technological in‘frastruc- 
ture, and productive capacity that would project techno- 
logical competitiveness in the near future. 
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Preliminary Analysis of New Data 


A preliminary analysis of new quantitative and expert- 
derived data indicates a further narrowing between the 
group of NIEs (Hong Kong, Singapore, South Korea, and 
Taiwan) and the group of EAEs (China, India, Indonesia, 
and Malaysia). The new set of data show surprising 
strength by Singapore compared to the other newly 
industrialized economies, improving its scores in three of 
the four leading indicators. Yet other indicators suggest 
that Singapore’s high-tech strength is narrow compared 
to that of Taiwan and South Korea. New data for China 


show a marked improvement in each of the four indica- 
tors. Memories of Tianenmen Square linger, but China’s 
national potential and commitment to achieving market- 
driven economic growth continue to elevate that coun- 
try’s prospects as a future high-tech competitor. Efforts 
by Jndia to encourage more foreign investment appear to 
be paying off, as suggested by the sizeable improvement 
in the indicator measuring its socioeconomic infrastruc- 
ture. Nevertheless, Malaysia continues to be the standout 
among the EAEs. 
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Highlights 


INTEREST IN AND INFORMATION ABOUT S&T 


@ The level of interest in science and technology 
(S&T) has remained fairly stable over the past 
14 years. Approximately 40 percent of Americans 
reported that they were very interested in scientific 
and technological issues. Compared to citizens in 
Japan and the European Community, more 
Americans expressed a high level of interest in new 
medical discoveries. 


@ Only about 10 percent of American adults think 
of themselves as being very well-informed about 
science and technology. Only 12 percent of 
Americans thought that they were “very well- 
informed” about issues involving new scientific dis- 
coveries, and only 10 percent claimed to be “very 
well-informed” about issues concerning the use of 
new inventions and technologies. 


@ Most Americans depend on television and news- 
papers as their primary source of news and 
information. When looking for more specialized 
information, e.g., personal health information, a third 
of American adults continue to rely on television. 


ATTITUDES TOWARD S&T 


@ Americans continue to hold science and 
medicine in high regard. Over the last 20 years, 
the proportions of American adults who report “a 
great deal of confidence” in the leadership of the sci- 
entific community and the leadership of medicine 
have been among the highest for any institutions in 
the United States, including the Supreme Court. 


@ Approximately 80 percent of Americans believe 
that S&T have increased our standard of living, 
enhanced working conditions, and improved pub- 
lic health. Throughout the last decade, at least 70 per- 
cent of Americans have continued to express the view 
that the benefits of scientific research have exceeded 
any risks or harms associated with that work. 


@ Many Americans hold mixed views about the 
motives and behavior of individual scientists. 
Eighty percent of Americans think scientists want to 
work on things that will make life better for the aver- 


age person, but 53 percent accept the idea that 
“many scientists make up or falsify research results 
to advance their careers or make money.” 


PUBLIC UNDERSTANDING OF SCIENCE 


@ The public understanding of basic environmen- 


tal concepts is uneven, with high levels of 
understanding of some ideas and very little 
understanding of others. Over 60 percent of 
American adults understand that the thinning of the 
ozone layer can lead to increased risk of skin cancer 
and that acid rain can damage forests, but fewer than 
1 in 10 know the location of the primary hole in the 
ozone layer or can provide a scientific explanation of 
acid rain. A large proportion of the public tends to 
think that all forms of pollution, including auto 
exhausts, contribute to every major environmental 
problem. Relatively few citizens demonstrate the abil- 
ity to relate specific sources of pollution to particular 
kinds of environmental damage. 


¢ A higher proportion of European adults than 


U.S. adults classify themselves as having a clear 
understanding of several important environmen- 
tal concepts. For example, 44 percent of Europeans 
say they have a clear understanding of the hole in the 
ozone layer, compared to 30 percent of Americans. 


YOUTH UNDERSTANDING AND ATTITUDES 


@ Most high school seniors (52 percent) were 


uncertain about the potential impact of comput- 
ers and automation on jobs, and the balance was 
about evenly divided between optimists and pessimists. 
The majority (55 percent) of U.S. adults surveyed on 
this issue in 1992 expected computers and automation 
to eliminate more jobs than they would create. 


Among recent high school graduates who have 
developed any attitude or opinion toward sci- 
ence and technology, there is evidence of gener- 
ally positive attitudes toward organized science. 
A substantial proportion of 1990 and 1993 high school 
graduates indicated that they had not developed an 
attitude toward, or were unsure about, a wide range of 
science and technology issues. 
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Introduction 
Chapter Background 


Most Americans today grew up with satellites circling 
the planet, the ability to pick up a telephone and call 
directly to almost anywhere in the world, and the expecta- 
tion that modern medicine can cure or control most condi- 
tions. Future generations of Americans will undoubtedly 
live in an increasingly scientific and technological society. 

In light of this circumstance, it is important to under- 
stand the American view of science and technology (S&T). 
Do Americans recognize S&T’s contributions to their pre- 
sent standard of living? What do they think will be the 
future relationship between science, technology, and eco- 
nomic prosperity? How do they assess the impact of S&T 
on their lives and well-being? How many Americans have 
a sufficient understanding of S&T to participate meaning- 
fully in public policy debates involving scientific and tech- 
nological issues? And finally, how do Americans’ views 
compare to those of Europeans and the Japanese? 
Answers to these and related questions can be gained, in 
part, by studying the level of interest that Americans have 
in scientific and technical issues, how much they know 
about those issues, and how closely they follow them. 

The pace of scientific and technological change 
increases rapidly; consequently, the study of science and 
mathematics in school is merely preparation for a life- 
time of learning about new developments. Contemporary 
adults try to keep pace with these changes primarily 
through major media sources, trusting—at some level— 
that the information provided is accurate. Identification 
of information sources and determination of their per- 
ceived reliability provides additional indications of Amer- 
icans’ ability to prepare for the future. 

Finally, examining the attitudes of U.S. adults toward S&T, 
and understanding the emergence of attitudes among the 
next generation, can provide insights for policymakers as to 
whether young Americans are turning away from or toward 
science and technology. This analysis may also help deter- 
mine if there is growing distrust or growing confidence in 
science among American youth—a factor that may affect 
their future policy or career decisions. 


Chapter Organization 


To explore the issues raised above, data from this and 
previous Science & Engineering Indicators reports are 
used and—in some areas—combined with survey results 
from Japan and the European Community. The first sec- 
tion focuses on the level of interest in S&T, the public’s 
self-perceived level of understanding, and attentiveness to 
S&T issues. Comparative information from the European 
Community and Japan is also examined. The section also 
looks at the primary sources of information used by vari- 
ous segments of the public to learn about S&T, and the 
level of trust tney place in those sources. 

The second section examines public attitudes toward 
S&T in general and toward specific scientific and techno- 


logical issues. It looks at patterns of change over the last 
15 years relating to organized science, scientists, specific 
controversies, government spending, and the broad 
impact of S&T on the quality of life. Comparative respons- 
es from citizens in Japan and the European Community 
are also reviewed. 

The third section explores the level of public under- 
standing of science and technology. Using a wide array 
of measures, this section attempts to estimate the pro- 
portions of U.s adults who understand selected scientific, 
technological, biomedical, and environniental terms and 
concepts. The section also compares U.S. responses to 
those of the European Community and Japan. 

The final section uses data from a continuing longitudi- 
nal study of U.s. youth to assess the attitudes of the next 
generation of Americans toward S&T. Data from national 
samples of public high school seniors are used to estimate 
attitudes toward both organized science in general and 
selected scientific and technological issues in particular. 


Interest in and Information About S&T 


The public policy agendas of modern industrial 
democracies are diverse and complex, and few citizens 
are able to focus on and stay informed about more than a 
few issue areas. Beginning with the work of Gabriel 
Almond (1950), social scientists have recognized that cit- 
izens of complex modern societies must “specialize” 
their political interests, following those issue areas about 
which they feel they know the most or feel are the most 
important to themselves, their families, their businesses, 
or the country in general. This section presents study 
data aimed at identifying public interest in a variety of 
issue areas; it specifically focuses on the American pub- 
lic’s level of interest in, and degree of informedness on, 
science and technology. 


Interest in S&T Issues 

U.S. Public. The level of interest in science and tech- 
nology in the United States has remained fairly stable 
over the last 14 years.' The results of public attitude 
studies conducted for Science & Engineering Indicators in 
1992 show that around the same proportion—about 37 
percent—of Amercians, have reported that they were 


‘Of the 11 Indicators volumes published since 1972, 10 have included a 
chapter on public attitudes toward and understanding of S1. The data for 
the present chapter are drawn from two parallel studies conducted in 1992 
and 1993, under the direction of the Chicago Academy of Sciences, and 
sponsored by the National Science Foundation and the National Institutes 
of Health. One study continued the core of attitude and knowledge items 
from previous Science & Engineering Indicators studies; it included tele- 
phone interviews with a random~digit sample of 2,001 adults. The second 
study attempted to measure public attitudes toward and understanding of 
biomedical concepts and technologies. The biomedical study was based 
on a stratified random-digit sample of 3.111 interviews. See “Primary Data 
Sources” for details on data access for these two studies. 
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Figure 7-1. 
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NOTES: Survey was conducted only in years noted. For further details 
on the definition of attentiveness, see appendix table 7-7. 


See appendix tables 7-1, 7-4, and 7-7. 
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very interested in new scientific discoveries and new 
inventions and technologies. (See figure 7-1.) 

Beginning in 1985, public attitude siudies conducted 
for Science & Engineering Indicators have included ques- 
tions about interest in new medical discoveries; the 
results indicate a higher level of interest in those issues 
than in economic, science, or technology issues. (See 
figure 7-1.) Approximately two-thirds of American adults 
have since reported that they are very interested in 
issues about new medical discoveries, with only 3 per- 
cent claiming to have little or no interest. Older adults 
tend to be significantly more interested in new medical 
discoveries than younger adults. 

Individuals with higher levels of formal education and 
more high school and college coursework in science and 
mathematics tend to report higher levels of interest in 
new scientific discoveries than do those with 12 or fewer 
years of formal education. (See figure 7-2.) In 1992, 
respondents with a graduate or professional degree 
reported a high level of interest in new scientific discov- 
eries (44 percent), while adults with 9 years of schooling 
or under evinced less interest (32 percent). These data 
indicate a correlation between level of schooling/course- 
work and degree of interest in these areas. No similar 
relationship exists with regard to issues on the use of 
new inventions and technologies. 

Interest in space exploration was highest among college 
graduates and lowest among citizens with less formal 


Figure 7-2. 
Public interest in and informedness on 
science and technology: 1992 


Very interested 


See appendix tables 7-2 and 7-5. 
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The following concepts are useful in thinking about 
public attitudes towards and understanding of science 
and technology in general, and in understanding the spe- 
cific research methods used in the major studies provid- 
ing data for this chapter. (These studies are described in 
“Primary Data Sources.”) 


¢@ Opinions: Opinions are lightly held dispositions 
toward a given issue, person, or other attitude object 
(Hennessy 1972). If asked about some issue that is 
of little concern to a particular individual, that per- 
son might give a response as part of a conversation 
or interview, but that opinion is not salient to his or 
her basic interests or values, nor is it likely to be sta- 
ble over time. 


¢ Attitudes: Attitudes are dispositions toward an 
issue, person, or other attitude object that reflect 
important concerns and values (Hennessy 1972). A 
person with a long-standing interest in a given area 
will have firm feelings about that area. If asked 
about an issue of major concern to them, most indi- 
viduals can provide a detailed and logically consis- 
tent response, reflecting their previous thinking on 
that issue and its connections to their other con- 
cerns and values. Attitudes, in contrast to opinions, 
tend to be stable over time and integrated into an 
individual’s broader set of values and concerns. 


@ Issue interest: Issue interest is a relative measure, 
both conceptually and empirically. In 1992 and pre- 
“rience & Engineering Indicators studies, indi- 
viduais have been asked to indicate whether they 
were “very interested, moderately interested, or not 
at all interested” in each of a set of public policy 
issue areas. The use of this trichotomous self-report 
was first validated in a 1979 study where the level of 
self-reported interest was highly correlated with the 
selection of newspaper headlines and stories that 
individuals indicated they were likely to read 
(Miller, Prewitt, and Pearson 1980). Although there 
is no universal metric underlying this set of ques- 
tions, the distinction between “very interested, mod- 
erately interested, and not at all interested” reflects 
the relative level of interest the responding individu- 
al assigns to each issue area. Since the number of 
issues that an individual can follow effectively is lim- 
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ited, these responses provide an indicator of those 
areas each individual considers to be of greatest per- 
sonal interest (Miller 1983a). 


@ Objective level of understanding: As used here, 
the objective level of understanding is a reflection of 


the number of selected scientific and technical con- 
cepts that were correctly identified by interview in 
1992 and earlier studies. This allows the construc- 
tion of a measure of the level of understanding of 
S&T held by adults in the United States and other 
countries. Note, however, that interviews (by tele- 
phone or in person) are able to assess a selected 
range of concepts and generally cannot measure 
either indepth understanding of concepts or the 
ability to use and apply these concepts in practical, 
hands-on settings. Nonetheless, it is useful to be 
able to distinguish between those citizens who have 
a minimal level of understanding of various scientif- 
ic concepts, such as the structure of matter and of 
the solar system, the dynamics of certain key 
aspects of the planet on which we live, and basic 
concepts about the origins and survival of plant and 
animal life, and those who do not understand thos 
basic constructs. 


@ Subjective level of understanding: Apart from 
some objective metric of understanding, individuals 
have a subjective metric that allows them to classify 
themselves as “very well-informed, moderately well- 
informed, or not very well-informed” about selected 
issue areas. Although those individuals who are 
objectively more knowledgeable are significantly 
more likely to describe themselves as being very 
well-informed, there are some individuals who have 
a relatively high level of understanding as measured 
by objective indicators, who aware of the depth of 
understanding held by professionals in the field, 
describe themselves as moderately well-informed. 
Conversely, some individuals who feel well- 
informed may not display a high objective level of 
understanding. The point of this concept is that indi- 
viduals who think they are very well-informed are 
significantly more likely to participate in public poli- 
cy disputes than are citizens who have some 
doubts about their level of understanding 
(Rosenau 1974 and Miller 1983a). 


education; however, the proportion of adults reporting a 
high level of interest in issues about the use of nuclear 
power and about environmental pollution was not related 
to either the level of formal schooling or the level of sci- 
ence and mathematics coursework. 

This pattern of differences by level of education 
appears in analyses throughout this chapter. Science and 


scientific issues are seen as more difficult subjects that 
require more study or knowledge than other kinds of 
issues. Technologies—or technology-related issues such 
as nuclear power and environmental issues—appeared 
to be more familiar to more respondents, and might be 
seen as more directly affecting their lives. Therefore, 
interest in these technological areas appears to be less 
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The analysis reported in this chapter rests primarily 
on four major data sources, as described below. 


@ NSF Survey of Public Understanding of 
Science and Technology, 1979-92: Most of the 
U.s. data in this chapter come from a series of 
national surveys funded by the National Science 
Foundation (NsF). The most recent survey, con- 
ducted in 1992, consisted of telephone interviews 
with 2,001 adults aged 18 and over in a national 
probability sample. It contained a core of questions 
that have been asked in these studies since 1979. 


@ NIH Survey of Public Understanding of Bio- 
medical Concepts, 1993: In a joint program with 
NSF, the National Institutes of Health (NIH) spon- 
sored a national study of public understanding of 
biomedical concepts. A total of 3,111 telephone 
interviews were conducted, using a national sample 
stratified by race/ethnicity. Within each stratum, a 
national probability sample was selected, but over- 
samples of college graduates were collected in the 
black and Hispanic strata to compensate for the dis- 
tribution of educational attainment. The final analyt- 
ic file was weighted to reflect the U.S. population. 


Primary Data Sources 


@ Eurobarometer 38-1: Continuing its 20-year 
series of biennial surveys, the Commission of the 
European Communities conducted a survey of 
13,024 adults in its 12 member nations in fall 1992. 
The interviews were conducted in person in the 
native language of the respondent. 


@ Japan National Study, 1991. Sponsored by the 
National Institute of Science and Technology Policy 
(NISTEP), the 1991 study was based on in-person 
interviews with 1,457 adults aged 18 and over. A 
core set of questions were designed to allow com- 
parisons with the Eurobarometer studies and the 
U.s. Science Indicators studies. 


@ Data Availability. The Eurobarometer data can be 
obtained from Zentralarchiv fur Europaische Social- 
forschung, K6ln Universitat, Germany (Fax: 49-221- 
476-9444) and Institute of Social Research, 
University of Michigan, USA (Fax: (1)-313-747-45- 

5). Data for all four sources are available from the 
International Center for the Advancement of 
Scientific Literacy, Chicago Academy of Sciences. 
(Internet: icas}@mes.com) Fax: (312) 549-5199 
Phone: (312) 549-0606 


related to formal schooling. Space exploration, while 
depending on a wide range of technologies, tended to be 
less salient to most respondents. 


International Comparisons. | ooking at the patterns of 
interest in these same four issue areas in Japan and the 
12 nations of the European Community, the United States 
ranks ninth with regard to the level of interest in issues 
about new scientific discoveries, sixth regarding the use 
of new inventions and technologies, and sixth regarding 
environmental issues. (See figure 7-3.) It ranks first in 
the proportion of citizens expressing a high level of inter- 
est in new medical discoveries. Very high levels of citizen 
interest in all four issues were found in France, the 
Netherlands, Italy and Greece. Japan ranked last, or next 
to last, in level of citizen interest in all four s&T-related 


Issuc areas. 


Informedness on S&T issues 

U.S. Public. Despite their high level of interest in sci- 
ence and technology, only about 1 in 10 American adults 
thinks of him or herself as very well-informed about 
either new scientific discoveries or the use of new inven- 
tions and technologies. Since the initiation of this ques- 
tion series in 1979, not more than 14 percent of Ameri- 


can adults have been willing to classify themselves as 
very well-informed on these issues. (See figure 7-1.) In 
1992, only 12 percent of American adults claimed to be 
very well-informed about new scientific discoveries, and 
only 10 percent made this claim regarding issues on the 
use of new inventions and technologies. A similar pro- 
portion indicated that they were very well-informed on 
issues about the use of nuclear power. Nearly twice as 
many Americans thought of themselves as very well- 
informed about new medical discoveries (slightly over 20 
percent). This level of self-reported knowledgeability has 
been stable since it was first measured in 1985. 

The proportion of Americans who feel well-informed 
about economic and business condition issues has remained 
in the mid- to upper 20-percent range throughout the 
1980s. (See figure 7-1.) In 1992, nearly 30 percent of 
Americans thought they were very well-informed in this 
area—the same proportion as in 1981, a period of intense 
public discussion of economic issues. 

For virtually every issue area, the proportion of 
Americans reporting a high level of mformedness is signil- 
icantly lower than the proportion reporting a high level of 
interest. Although the level of interest in scientific and 
technical issues has remained high, fewer than one in 
three respondents think of themselves as well-informed 
“yout these same issues. 


Science & Engineering indicators — 1993 


Significant differences in level of informedness exist 
among various segments of the public. Higher propor- 
tions of adults with more formal education reported that 
they were very well-informed about new scientific dis- 
coveries aid space exploration. This pattern was not as 
clear with regard to issues on the use of new inventions 
and technologies, new medical discoveries, and environ- 
mental pollution. (See figure 7-2.) In all of the areas 
included in the study, there was a tendency for a rela- 
tively high proportion of respondents with 9 years or 
less of formal schooling to claim to be very well- 
informed. (See appendix table 7-5.) Given the results on 
actual knowledge tests, this high response rate may be 
a reflection of not knowing enough about these complex 
fields to be able to assess their own level of knowledge- 
ability accurately. 


international Comparisons. When adults from 14 
nations were asked to assess their level of informedness 
in these same four areas (new medical discoveries, new 
scientific discoveries, new inventions and technologies, 
and environmental pollution), fewer than half of those 
who claimed to be very interested in each area were will- 
ing to classify themselves as very well-informed in that 
area. The relative ranking among the nations changed 
only moderately. (Compare figures 7-3 and 7-4.) 

A higher proportion of Americans thought of them- 
selves as very well-informed about new medical discover- 
ies than did citizens in any other nation. The proportion 
of Americans claiming to be very well-informed about 
new scientific discoveries, the use of new inventions and 
technologies, and environmental pollution was higher 
than the European average. (See figure 7-4.) About 1 in 
10 Americans and Europeans though’ hey were very 
well-informed about new scientific discoveries and new 
technologies. Generally, within the European 
Community, higher proportions of French, Dutch, 
Luxembourg and Danish citizens thought of themselves 
as well-informed across these four areas than did other 
national groups. Among all countries studied and for all 
topic areas, Japan had the lowest proportion of citizens 
claiming to be very well-informed. 


Attentiveness to S&T issues 


The United States is a pluralistic society. Some individ- 
uals may have a strong interest in economic, agricultur- 
al, or foreign policy issues, and less interest in issues 
involving science or technology. Conversely, other indi- 
viduals may follow S&T policy issues closely, but have lit- 
tle interest in agricultural, housing, transportation, for- 
eign policy, or other issues. It is impossible for all 
citizens to pay attention to every issue area. Thus, in this 
competition for attention and involvement, it is useful to 
examine the levels of interest the public devotes to sci- 
ence and technology and to seek to identify those seg- 
ments of the public that report the highest levels of inter- 
est in, informedness on, and attention paid to scientific 
and technical issues. 


Figure 7-3. 


interest in scientific issues, by country: 1992 
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See appendix table 7-3. 
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Figure 7-4. 
informedness on scientific issues, by country: 1992 
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Citizens who display a high level of interest in an issue 
area, who believe that they are well-informed about it, 
and who display a pattern of current information con- 
sumption are classified as attentive to that issue.* 
Individuals with a high level of interest in an area, but 
who think of themselves as not being well-informed 
about that area, are classified as members of the interest- 
ed public. Those without a high level of interest in an 
issue area are referred to as the residual public in that 
issue area. 

Approximately 10 percent of American adults (or about 
18 million individuals) were included in the attentive public 
for science and technology policy. (See figure 7-1.) This 
proportion is slightly down from 1979. Comparatively, the 
proportion of adults attentive to economic issues and to 
new medical discoveries increased in the early 1980s to 
slightly less than 20 percent of the adult population and 
remained at that level for the last decade. About one in five 
Americans was attentive to issues about environmental pol- 
lution in both 1990 and 1992. (See appendix table 7-7.) 

A higher proportion of males was attentive to S&T poli- 
cy than females, but the difference was not substantial. 
(See figure 7-5.) Interestingly, attentiveness to S&T policy 
was not significantly associated with the level of formal 
education completed. 

These results indicate that the pool of likely citizen 
participants in a policy dispute involving S&T would be 


For a general discussion of the concept of issue attentiveness, see 
Almond (1950), Rosenau (1974), and Miller (1983a). 
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limited to about 10 percent of the total adult population. 
Previous research suggests that only a small proportion 
of this group would likely be mobilized to participate 
actively in the debate by writing letters or calling legisla- 
tors (Rosenau 1974 and Miller 1983a). 


Sources of Information 


Information Sources for S&T. Given the pace of 
change in science and technology, most individuals can- 
not—in their adult roles as worker, consumer, parent, 
and citizen—rely solely on the science and mathematics 
they may have learned in school. This section explores 
the alternative sources of information the public uses 
most frequently to learn about new developments in S&T 
and the trust citizens have in these sources. 

Television continues to be the most frequently used 
information source. Ninety-five percent of American 
respondents indicated that they watched at least an hour 
of television news almost every day. Nearly two-thirds 
reported listening to an hour or more of news on the 
radio almost every day. On the print side, 56 percent of 
adults reported that they read a newspaper almost every- 
day, while 28 percent read a news magazine regularly. 
Conversely, only 9 percent of adults reported that they 
read a science magazine regularly. This array of results 
points to a high level of information consumption in both 
the broadcast and print media among American adults. 
(See figure 7-6.) 


Figure 7-6. 
Public use of selected information sources: 1992 
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Figure 7-7. 
Primary source of health information: 1993 
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Seventy percent of the respondents reported that they 
used a public library at least once during the previous 
year; 42 percent indicated that they visited five or more 
times. Note, however, that although public libraries pro- 
vide access to a wide array of books, magazines, and ref- 
erence materials, many also lend out videotapes and 
other kinds of entertainment media. 


Primary Information Sources for Health and 
Medical Topics. Additional insight can be gained on 
how individuals obtain information—and how much they 
trust those sources—by looking at data on how the pub- 
lic obtains information on health and medical topics. A 
1993 study of the public understanding of biomedical sci- 
ence asked respondents to report their primary source of 
information on health and medical issues.’ Respondents 
were also asked how much they would trust selected 
sources for information about heart disease and for infor- 
mation concerning how to lose weight. 

Approximately one-third of American adults reported 
that they get most of their health information from televi- 
sion; another third reported that they relied on either 
newspapers or magazines; and a little under a sixth said 
they got most of their health information from a physi- 
cian. (See figure 7-7.) In broad terms, better educated 
respondents reported greater reliance on print materials, 
while less well-educated individuals relied more often on 
television. There were few differences between men and 
women, with men relying slightly more on newspapers 
and women relying slightly more on magazines. 

When asked how much they would trust information 
from each of these sources on two different health topics 
(heart disease and weight loss), major differences 
emerged. Individuals reported that they had more confi- 
dence in information on heart disease from each source 


The '993 study of the public understanding of biomedical concepts 
was supported by the National Institutes of Health in cooperation with 
the National Science Foundation. A more complete description of the 
study is included in “Primary Data Sources.” 
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than they would have in information from that same 
source concerning losing weight. (See figure 7-8.) A 
large segment of the public apparently has little con‘- 
dence in weight loss information, possibly reflecting the 
commercialization of this topic and the frequent media 
promotion of special diets. 

Within each subject area, Americans reported major 
differences in the level of confidence in information by 
source. (See figure 7-8.) About three-quarters of the 
respondents reported a high level of confidence in infor- 
mation from a physician concerning heart disease; such 
confidence was expressed by only 12 percent for infor- 
mation on this topic provided on a television talk show. A 
similar pattern of trust was reported for information 
about weight control or loss, except—as noted above— 
the overall level of confidence was lower. Thus, nearly 70 
percent of respondents reported that they would have a 
high level of confidence in weight loss information from 
a physician, and fewer than 10 percent would trust infor- 
mation fror: a television talk show. A very small propor- 
tion of respondents reported a high level of confidence 
for information from a local newspaper. 

In general, better educated respondents were more 
likely to trust information from the National Institutes of 
Health (NIH) or a scientist than were less well-educated 
individuals. Respondents with less formal education 
were more likely to trust information from a television 
news or talk show than were better educated individuals. 
There were no substantively important differences in 
information trust between men and women. 


Looking at the data in terms of primary health informa- 
tion source reveals some interesting insights. (See text 
table 7-1.) For the topic of heart disease, only those adults 
who cited their physician as their primary source reported 
a high level of confidence in their primary health informa- 
tion source. Among those citing television as their primary 
health information source, only a third had a high level of 
confidence in information from a television news show, 
and only about a sixth (15 percent) had a high level of 
confidence in information from a television talk show. 

About half of the respondents who cited magazines as 
their primary health information source indicated that 
they would have a high level of confidence in heart dis- 
ease uormation obtained from a magazine like Time or 
Newsweek. In contrast, among those adults who reported 
that they relied on mewspapers as their primary health 
information source, only 16 percent indicated a high 
level of confidence in heart disease information pub- 
lished in their local newspaper. 

The level of confidence in information about weight 
loss was significantly lower than the level of confidence 
in information about heart disease, regardless of the 
information source or the specific medium. As suggest- 
ed above, it is likely that this result reflects the more sci- 
entific and “credible” character of heart disease informa- 
tion and the more commercialized approach to weight 
loss in most media. Moreover, it demonstrates that most 
segments of the public make some distinctions about the 
credibility of health-related information sources. 


Attitudes Toward S&T 


Within these patterns of issue interest, informedness, 
and information acquisition, it is important to understand 
the attitudes of Americans toward science and technology 
in general and toward some current policy issues. The 
preceding indicators of interest, informedness, and infor- 
mation acquisition have been content neutral. For exam- 
ple, some respondents who reported a high level of inter- 
est in new scientific technologies or the use of new 
inventions and technologies may hold very positive atti- 
tudes toward organized science or toward specific science 


Text table 7-1. 


Trust in health information, by primary source of 
information: 1992 


Primary source High Low N_ High Low N 


Percent — Percent 
TV evening news 33 9 494 17 28 498 
TV talk shows..... 156 42 494 12 51 498 
Localnewspaper.... 18 14 278 12 32 WO 
Time or Newsweek... 52 7 175 24 19 217 
Physician.......... 66 3 212 76 3 240 
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policy issues, while other individuals reporting the same 
level of interest may hold negative or opposing attitudes. 
Analysis of these differences can help in understanding 
the landscape of public interest and informedness, as well 
as in grasping the substance of the public’s thinking about 
science and technology. 

This section focuses on the pattern of general attitudes 
toward science over recent decades and examines the dis- 
tribution of attitudes among selected segments of the pub- 
lic. Beyond broad general attitudes, this section examines 
public expectations about future outcomes of S&T, current 
assessment of the benefits and risks of scientific research, 
and preferences regarding government spending for S&T. 


General Attitudes Toward S&T 


U.S. Public. Periodic surveys of public attitudes 
toward organized science! over the last decade indicate 
that most Americans continue to hold a positive view of 
science and technology. A four-item scale reflecting 
general attitudes toward S&T, referred to as the Attitude 
Toward Organized Science Scale (ATOSS), shows a posi- 
tive stable attitude toward organized science over the 
last decade.’ (See text table 7-2.) Individuals with higher 
levels of formal education tended to hold more positive 
views of organized science than did less well-educated 
respondents. Similarly, a higher proportion of citizens 
who were attentive to S&T policy held more positive atti- 
tudes. By 1993, there were no differences in the atti- 
tudes of men and women toward organized science. 


International Comparisons. A higher proportion of 
Americans hold positive attitudes toward science and 
technology than do the citizens of Japan and the 
European Community. While over 80 percent of both 
Americans and Europeans agreed that S&T are making 
“our lives healthier, easier, and more comfortable,” 
fewer Americans (38 percent) thought it made “our way 
of life change too fast,” compared to the majority of 
European Community (55 percent) and Japanese (57 
percent) respondents. (See appendix table 7-14.) 

When asked to assess the impact of computers and 
factory automation on the creation of new jobs, Japanese 
residents were the most optimistic, with 43 percent 
agreeing that computers and automation would create 


“Organized science” refers to the total scientific and engineering 
community. It is a shorthand reference that should be interpreted to 
include scientists, engineers, and related support personnel and the 
institutions in which they work. 

Substantively, the four items in the ATOSs Scale cover some impor- 
tant aspects of general attitudes toward organized science. Specifically, 
respondents are asked to react to the statements “science and technol- 
ogy are making our lives healthier, easier, and more comfortable”; 
“science makes our way of life change too fast”; and “we depend too 
much on science and not enough on faith.” The fourth component on 
the scale asks respondents to make a relative judgment about the ben- 
efits and potential harms of scientific research. The scale score is cal- 
culated by counting the number of responses that represent a positive 
assessment of organized science. The scale ranges from 0 to 4. The 
value of using a scale is that it reduces response error and provides a 
more accurate estimate than would use of any one item alone. 
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Text table 7-2. 
Mean scores on the Attitude Toward Organized 
Science Scale 


1983 1985 1988 1990 1992 


Alladults ......... 2.3 2.5 27 26 2.7 
a 2.2 2.4 26 25 27 
Females........... 2.5 2.6 28 28 26 
Less than high school 

PT 1.8 1.8 22 18 2.0 
High school degree. . . 2.4 2.6 — = oe 
College degree...... 2.8 3.1 32 32 32 
Graduate/professional 

Es «ite bas bs 2.9 3.1 3.1 32 3.3 
Attentive public...... 2.6 2.8 30 28 29 
Interested public... .. 2.4 2.6 28 27 2.8 
Residual public...... 2.1 2.3 25 25 2s 


NOTE: Data represent mean scores on a scale of four items. 
See appendix table 7-13. Science & Engineering Indicators — 1993 


more jobs than they would eliminate. In contrast, only 19 
percent of European adults shared that view. Among 
Americans, 39 percent agreed that more jobs would be 
created than eliminated. 


Confidence in Institutional Leadership 

Over the last 20 years, the General Social Survey (Gss) 
has asked national samples of American adults to rate 
their confidence in the leadership of major national institu- 
tions." Consistently over this period, the leadership of 
medical and scientific communities has been among the 
most trusted in the nation—more so, for example, than the 
leadership of the Supreme Court. (See figure 7-9.) In 1993, 
approximately 40 percent of American adults expressed a 
high level of confidence in the leadership of these commu- 
nities, a slight increase over the 37-percent level in 1990. 

The public tends to regard the leadership of the press 
and of television with a relatively low level of confidence. 
In the context of the above analysis of information sources 
and public confidence in them, these results suggest that 
there is a broad and continuing low level of trust of televi- 
sion and of newspapers and other print media. The relative 
levels of confidence reported regarding heart disease and 
weight loss may reflect a more generic distrust of media. 


Attitudes Toward the Work of Scientists 


While the public generally holds positive attitudes 
toward the leadership of organized science and toward 
organized science as an institution, they hold mixed 
views of the work of scientists. (See figure 7-10.) In 1992, 


“Since 1972, the National Opinio Research Center at the University 
of Chicago has conducted a nationa’ survey of social attitudes, referred 
to as the General Social Survey. "sing personal interviews, the Gss has 
collected data from a national probability sample of approximately 
1,500 individuals annually or biennially. See Davis and Smith (1993). 
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Figure 7-9. 
Public confidence in leadership of selected 
institutions 


Percentage reporting high level of confidence 
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Figure 7-10. 
Public attitudes toward scientists: 1992 
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nearly 80 percent of Americans thought that scientists 
“want to work on things that will make life better for the 
average person.” However, over 50 percent agreed with 
the statement that “many scientists make up or falsify 
research results to advance their careers or make 
money.” The tendency to believe that many scientists fal- 
sify results was only partially offset by a recognition that 
the scientific tradition of repeating other scientists’ work 
provides a check on fraud or cheating. 

Overall, better educated respondents were more likely 
to concur that traditional repetition and checking will 
detect and prevent fraud and less likely to agree that 
many scientists falsify research results. And approxi- 
mately 80 percent of all adults—regardless of sex or edu- 
cation level—agreed that most scientists want to work 
on things that will benefit the average person. 


Expectations for S&T 


When asked to think about the likelihood of future sci- 
entific achievements, Americans display both optimism 
and pessimism. (See figure 7-11.) For example, 


Figure 7-11. 
Expected results from science and technology: 1992 
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@ 45 percent of Americans think that medical scien- 
tists will find a cure for the common forms of can- 
cer within the next 25 years, 40 percent anticipate 
the development of a vaccine for AIDS, and 44 per- 
cent expect that new medical technologies will be 
developed to extend the average lifespan to 90 or 
more years in the United States; but 


@ nearly half expect a major nuclear power plant acci- 
dent within the next 25 years, half think that there 
will be “a significant deterioration in the quality of 
our environment” over the next quarter century, 
and a quarter think it is very likely that a “danger- 
ous manmade organism” will be released into the 
environment accidentally in the next 25 years. 


Clearly, most Americans expect a mixture of beneficial 
and harmful results from science and technology. 

Consistent with the previous results, individuals with 
higher levels of formal education were more likely to 
anticipate positive results from science. But there was 
no significant difference by level of education in the 
expectation of a nuclear power plant accident or the 
deterioration of the environment. There was a weak 
relationship between the level of education and the 
expectation of the release of a dangerous manmade 
organism, but this may be a reflection, in part, of a dif- 
ferential level of understanding of the concept of a 
“manmade organism.” 


impact of S&T 


In 1985 and 1992, national samples of individuals were 
asked to assess whether S&T had a positive, negative, or 
no impact on several aspects of the quality of life. 
Comparing the results from these two surveys reveals a 
very positive attribution to science and technology of a 
high standard of living, improved working conditions, 
improved public health, and an increased enjoyment of 
life by individuals. (See figure 7-12.) Even in the case of 
world peace, a plurality of respondents in both years 
thought that the contribution of S&T had been more posi- 
tive than negative; this margin of difference increased 
between 1985 and 1992. 

Individuals with higher levels of formal education 
tended to hold more positive views of the contribution of 
science and technology to the quality of life, possibly 
reflecting qualitative differences in quality of life experi- 
ences by the different education strata in American soci- 
ety. There were no significant differences between the 
assessments of men and women on S&T’s impact on the 
quality of life, and there were no differential changes 
between 1985 and 1992. 


‘Note too that these data were collected before the movie “Jurassic 
Park” was released, and so are unlikely to reflect the genetic engineer- 
ing concerns popularized by the book and movie. 
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Figure 7-12. 
impact of science and technology on quality of 
life issues: 1992 
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Assessment of Benefits and Costs 


U.S. Public. Most Americans believe that science and 
technology have produced both desirable and undesir- 
able results, and expect these mixed results to continue. 
The public attitude studies conducted for Science & 
Engineering Indicators since 1979 have asked national 
samples of Americans to deter.aine whether, on balance, 
the results have been more beneficial or harmful. Their 
responses indicate that at least 7 of 10 Americans have 
concluded that the balance has favored beneficial results 
throughout this period. (See figure 7-13.) Fewer than 
one in five Americans reached the opposite conclusion 
during this 14-year period. 

Seventy-three percent of all adults in 1992 concluded 
that the benefits of scientific research outweighed its 
harmful consequences; better educated respondents 
were more likely to assess the balance as strongly favor- 
ing beneficial over harmful results. This finding may indi- 
cate that more exposure to education or to science and 
mathematics results in a more positive assessment of the 
net benefit of S&T to society. 


international Comparisons. In comparisons with 
other industrial nations, residents of the United States 
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are the most likely to conclude that the benefits of scien- 
tific research have outweighed any actual or possible 
harm, followed by those of Denmark, Spain, and France. 
(See figure 7-14.) Japanese citizens were the least likely 
to believe that the benefits outweighed the possible 
harms, with only 40 percent of Japanese respondents 
holding that view. 


Attitudes Toward Government 
Spending for S&T 


Another estimate of public attitudes toward science and 
technology can be obtained by asking respondents to 
assess government spending for various kinds of programs. 
Since few citizens have a clear understanding of what the 
actual government expenditures are for specific programs, 
the results of inquiries about government spending should 
be taken as a general indicator of the importance that a 
respondent attaches to various programs.* 

Over the last decade, 34 percent of those surveyed 
reported that they think the government is spending too 
little on scientific research, while fewer than 20 percent 
indicated that the government is spending too much. (See 
figure 7-15.) A near majority of Americans think that the 


‘For a variety of reasons—including the intangible, abstract nature 
of the large sums involved in federal budgets—only in the rarest of 
cases does a survey response represent a real, informed budgetary 
judgment. 


Figure 7-13 
Assessments of scientific research over time 
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level of government support for scientific research is “about 
right.” Individuals with high levels of formal education and 
those who are attentive to S&T policy were more likely to 
think that the government is spending too little for scien- 
tific research. (See appendix table 7-20.) 

In comparison, a substantial majority of Americans 
reported in 1992 that they thought the government was 
spending too little on improving education (81 percent), 
improving health care (79 percent), helping older persons 
(73 percent), reducing pollution (72 percent), and helping 
low-income people (56 percent). Forty percent of 
Americans thought that the government is spending too 
much on defense; about 50 percent thought the govern- 
ment was spending too much on space exploration. Taken 
as indicators of support rather than as funding judgments 
per se (see above), these results suggest that most 
Americans favor continuing the present levels of support 
for scientific research and an increased emphasis on edu- 
cation, health, and related social programming. 


Public Understanding of Science 


In many nations throughout the world, there is broad 
agreement that economic, social, and political advan- 
tages exist in increasing the proportion of the population 
that is scientifically literate (Miller 1983b). Setting aside 
the construction of a single definition of scientific litera- 
cy, it is useful to look at the level of public understanding 
of major terms and concepts in basic science, in bio- 
medicine, and in ecology. 


Figure 7-14. 
Assessments of scientific research, 
by country: 1992 
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Figure 7-15. 
Preferences for government spending: 1992 
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Understanding of Scientific Terms and 
Concepts 


The process of information acquisition in today’s 
world requires citizens to be able to read about current 
developments in science and technology. One prerequi- 
site for effective information acquisition about S&T is the 
possession of a basic vocabulary of scientific terms and 
concepts. The 1992 Science & Engineering Indicators 
study included a set of questions on basic scientific 
terms and concepts to use in understanding key aspects 
of the our world. (See figure 7-16.) 


U.S. Public. A substantial majority of Americans 
understood that oxygen comes from plants, that the cen- 
ter of the earth is very hot, that continents move on the 
surface of the Earth (i.e., plate tectonics), that light trav- 
els faster than sound, and that all radioactivity is not 
manmade. However, fewer than half of the respondents 
knew that the earth travels around the sun once a year 
or that electrons are smaller than atoms; about the same 
proportion did not accept the idea of evolution. While the 
responses indicate some understanding of the planet, a 
majority of adults apparently do not understand the 
nature of the solar system or the origins of stars or 
galaxies. The American understanding of science is, 
indeed, rather earthbound. 


International Comparisons. The United States 
ranked in the top third of the countries from which data 
are available on public understanding of scientific terms 
and concepts. Using a set of 12 items to gauge public 
understanding, the United States ranked fourth, trailing 
Denmark, the United Kingdom, and France. (See figure 
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7-17.) Across the 12 items, U.S. respondents had a mean 
percentage correct of 58 percent, compared to 55.5 per- 
cent for the European Community. 

In the 1991 Japanese study, only 6 of these 12 items 
were asked. (See appendix table 7-22 for the exact com- 
ponents of the 6 and 12-item scales.) A similar mean 


Figure 7-16. 
Knowledge of basic scientific terms 
and concepts: 1992 
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Figure 7-17. 
Knowledge of basic scientific terms and concepts, by country: 1992 
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percentage correct score was calculated for all 14 coun- 
tries on these six items. On this shorter index, the 
United States ranked fifth, following Denmark, the 
United Kingdom, France, and the Netherlands. Japan 
ranked 12th on this scale, with a mean percentage cor- 
rect of 41 percent. 


Understanding of Biomedical Terms 
and Concepts 


To understand public policy discussions and to make 
decisions concerning personal health, it is increasingly 
useful for an individual to understand basic genetic and 
biological concepts. A 1993 national study cosponsored 
by NIH and NSF asked respondents about a set of basic 
biomedical terms and concepts. The results indicate a 
generally higher level of comprehension than the pre- 
ceding set of scientific terms and concepts, but there are 
still important areas of misunderstanding. 

Over 80 percent of adults understood that not all bac- 
teria are harmful to human beings, and 77 percent recog- 
nized that the human immune system can protect indi- 
viduals from both viruses and bacteria. (See figure 7-18.) 
Previous Science & Engineering Indicators studies found 
that only 35 percent of American adults knew that antibi- 
otics do not kill viruses. 

About 75 percent of Americans knew that human intel- 
ligence is not related to the size of the brain, and 63 per- 
cent thought that the process of evolution is continuing 
presently. This latter response is confusing, since only 
41 percent of respondents in the same 1993 study indi- 
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cated that they thought human beings had developed 
from earlier species of animals. In any case, these results 
suggest that there exists a substantial level of confusion 
in the public about the scope and nature of evolution. 

Six of ten Americans thought that DNA regulates inher- 
ited characteristics in both plants and animals, but in a 
separate open-ended question about the meaning of DNA, 
only 20 percent of respondents could provide a response 
that included the regulation of heredity. In the open- 
ended format, an additional 20 percent could link DNA to 
the words “gene” or “chromosome,” but it was unclear 
from the total response whether they understood the 
linkage to inheritance. From these results, it appears 
that an increasing proportion of Americans are becom- 
ing familiar with the term DNA and the concept of genetic 
control of inherited characteristics, but that many adults 
are still confused about these concepts. 


Understanding of Environmental Terms 
and Concepts 


As governments struggle to understand and cope with 
environmental issues—from the thinning of the ozone 
layer to the pollution of the oceans—it will be important 
for a significantly large segment of the public to under- 
stand both the nature of environmental problems and 
the available public policy alternatives. In this conte>t, 
the 1992 Science & Engineering Indicators study included 
a set of questions to measure the understanding of 
selected environmental terms and concepts. (See 
“Environmental Interest and Knowledge in the European 
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Community and the United States” for international com- 
parisons in this area.) 

The results of the 1992 study point to substantial gaps 
in the public understanding of environmental science con- 
cepts. When asked in an open-ended format to explain the 
causes of acid rain, only 8 percent of American adults 
could provide a minimally correct response and an addi- 
tional 5 percent could provide some general description of 
its effects. (See figure 7-19.) Nearly 40 percent referred to 
acia rain as a form of pollution, but could provide no addi- 
tional details about its origins and consequences. 

A larger proportion of the public was able to demon- 
strate a minimal understanding of the thinning of the 
ozone layer. When asked a series of open-ended ques- 
tions about the thinning of the ozone layer, 25 percent of 
American adults could provide a minimally acceptable 
explanation for the thinning of the layer,” and 42 percent 
were able to describe correctly some of its harmful con- 
sequences. (See figure 7-19.) However, only 7 percent of 
respondents could correctly identify the location of the 
major thinning—or hole—in the ozone layer. 


“Correct” in this case refers to the ability to describe correctly the 
roles of chlorofluorocarbons (CFCs) or chlorine atoms in the process of 
creating the hole, or the ability to identify the technologies—aerosol 
sprays, refrigerants, and styrofoam manufacturing—that release most 
of the CFCs. 


Figure 7-18. 
Knowledge of biomedical terms and concepts: 1993 
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When asked a series of true-false questions about 
environmental issues, 73 percent of adults agreed that a 
hole in the ozone layer would cause skin cancer, and 89 
percent agreed that acid rain would damage forests. 
Forty-five percent agreed that the greenhouse effect 
could raise the level of the oceans. But only 16 percent 
recognized that car exhaust fumes do not contribute to 
the acid rain problem. 

These results point to a high level of public concern 
about the environment, albeit with certain significant 
misunderstandings about basic terms and concepts. Acid 
rain appears to be seen as a negative phenomenon asso- 
ciated with pollution, but it is poorly understood. There 
is a reasonably high level of awareness of the health dan- 
gers entailed by a thinning of the ozone layer, but there 
is less understanding of its causes or location. 


Understanding of the Scientific Approach 


Several Science and Engineering Indicators studies have 
included items concerning the understanding of the scien- 
tific process. Both the 1992 Science and Engineering 
Indicators study and the 1993 NIH-NSF study included 
questions probing knowledge in this area. Each respon- 
dent was asked to define the meaning of a scientific study; 
these open-ended responses were coded independently. 


NOTE: See appendix table for exact wordings of statements 
See appendix table 7-23. 
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Responses that characterized a scientific study as build- 
ing theory, seeking to falsify or test hypotheses, doing 
experimental studies, or engage in careful comparative 
study were classified as correct. Responses that charac- 
terized science only in terms of measurement were clas- 
sified as incorrect, as were answers like “what scientists 
do in their laboratories.” Using this coding scheme, 
about one in five American adults was able to provide an 
acceptable definition of a scientific study (Miller, 1991 and 
Miller and Pifer, 1993b). 

In the 1993 NIH study, each respondent was presented 
with this problem: 


“Two scientists want to know if a certain drug is 
effective against high blood pressure. The first sci- 
entist wants to give the drug to 1,000 people with 
high blood pressure and see how many of them 
experience lower blood pressure levels. The sec- 
ond scientist wants to give the drug to 500 people 
with high blood pressure, and not give the drug to 
another 500 people with high blood pressure, and 
see how many in both groups experience lower 
blood pressure ‘evels. Which is the better way to 
test this drug?” 


Seventy-six percent of the respondents said that the 
second approach was the best. On the surface, this 
would suggest that most people understand the concept 
of control groups. To explore the level of understanding 
behind this choice, each respondent was asked to 
explain, in an open-ended format, why their choice was 
the better one. In this context, only 36 percent of the 
respondents in the study were able to describe the use of 
a control group and explain the reasons for this choice. 
An additional 13 percent who had selected the two-group 
choice did not provide any reason for the choice. And 24 
percent who had selected the two-group study provided 
incorrect explanations. Eight percent of the respondents 
indicated that they selected the single group because 
they thought that 1,000 cases would be better than 500, 
and 4 percent rejected the control group choice because 
they did not want to deny the medicine to persons with 
high blood pressure." 

The results of these two questions indicate that the pub- 
lic’s understanding of the scientific process is complex and 
difficult to measure. Closed-ended questions may tend to 
overestimate the real level of understanding, but open- 
ended questions pose different problems in the probing and 
coding of the responses. Although more work is needed in 
this area, evidently not more than a third of American adults 
have a minimal understanding of scientific processes. 


Note that current medical research would most likely focus on 
comparing two studies of available therapies and new therapies and 
would be unlikely to include a control group in which patients with an 
iliness or condition received no therapy at all. However, this question 
was constructed to measure the public's understanding of a control 
group, not their understanding of control study design. 
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Youth Understanding and Attitudes 


Tomorrow's adults are today’s elementary and sec- 
ondary school students. Indepth analyses point to seri- 
ous and continuing problems in the achievement levels 
attained by U.S. students in science and mathematics.'! 
The strong positive relationship observed in the Science 
& Engineering Indicators data between the number of high 
school and college science and mathematics courses 
taken and adult understanding of scientific terms and con- 
cepts demonstrates the important link between school sci- 
ence achievement and adult understanding of science. 

The Longitudinal Study of American Youth (LSAY) 
which provides information on high school seniors has 
been monitoring the development of middle school and 
high school student attitudes toward and achievement in 
science and mathematics over the last 7 years.'* To paral- 
lel the adult Science and Enginering Indicators studies, 


‘See chapter 1, “Student Achievement,” for more detail; also see 
Koretz (1991) and Research, Evaluation, and Dissemination Division 
(1993), chapter 1. 

'LSAY is a two-strand longitudinal study of a national sample of public 
middle and high school students. Beginning in fall 1987, approximately 
3,000 7th grade and 3,000 10th grade students have been monitored 
regarding their attitudes, achievement, and career plans vis-a-vis sci- 
ence and mathematics. In addition to student achievement tests and 
attitudinal questionnaires, information has been collected each year 
from evch student's mathematics and science teachers and from one 
parent [SAY is supported by an NSF grant. 
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Nearly 60 percent of the citizens of the European 
Community and the United States reported that they 
were very interested in environmental issues, in paral- 
lel national studies conducted in late 1992. (See text 
table 7-3.) Additionally, about a quarter of both 
Europeans and Americans indicated that they felt 
“very well-informed” about these issues. 

When asked to rate their level of understanding of 
several important environmental concepts, a higher pro- 
portion of European Community adults were willing to 
classify themselves as having a clear understanding than 
were Americans. For example, regarding the hole in the 
ozone layer, 44 percent of European adults, compared to 
30 percent of American adults, reported that they had a 
clear understanding of the problem. Similar patterns 
were found for the level of understanding of acid rain, air 
pollution, global warming, and the greenhouse effect. 

Looking at the more objective measures of environ- 
mental knowledge available for Europe and the United 
States, a similar pattern was found. A higher percent- 
age of European respondents provided correct 
responses to most items than did the Americans. Over 
30 percent of European adults, for example, knew the 
location of the most serious thinning of the ozone 
layer, compared to 17 percent of American adults. 
Similarly, 81 percent of European adults recognized 
that the thinning of the ozone layer can cause skin can- 
cer, compared to 73 percent of Americans. The margin 
of difference between the Europeans and the 
Americans is not large, but it is consistent across envi- 
ronmental knowledge questions. These differences 
may provide an opportunity to study more carefully 
the origins of public interest in public policy issues, 
the perception of knowledgeability, and the acquisition 
of relevant scientific and technical information. 


Environmental Interest and Knowledge in the European Community and the United States 


Text table 7-3. 
Adult interest in and knowledge about environmental 
issues and concepts: 1992 


Community States 
Percent 

interest in environmental issues 

Very interested................... 56 59 
Moderately interested.............. 38 36 
Not very interested................ 6 5 
informed about environmental issues 

Very well-informed ................ 25 29 
Moderately well-informed ........... 60 56 
ee tenn a 0 4 14 15 
Subjective environmental knowledge 

ce ahs delet ek ea an 6.4 40 32 
ee it ed ohn oes ay 4s 57 52 
6 dene eeeeeeee eee 37 27 
The hole in the ozone layer.......... 44 30 
The greenhouse effect............. 40 27 
Objective environmental knowledge 
Location of hole in ozone layer ....... 31 17 
Hole in ozone layer can cause 

Ds +.cbse 600065666600 81 73 
Greenhouse effect can reduce 

SS reer err re 47 32 
Greenhouse effect can raise sea level 59 45 
Acid rain can cause damage to 

Dns .0shedbeneheesneeeeeen 90 89 
Car exhausts have nothing to do with 

Ks 6000 6040006000 4NewO" 20 16 


N =12,800 2,001 


NOTES: There were slight variations in the wording of the questions 


between the European Community and U S. samples. The items measuring 
and objective knowledge were asked of a random haif of the U.S. 


subjective 
sample (N = 1,004). Percentages for the subjective items represent those 
reporting “clear understanding.” Percentages for the objective items repre- 
sent percent correct. 
SOURCE: J.D. Miller and LK. Pifer, 1993a. 
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high school seniors in 1990 and 1993 were asked a set of 
attitude and knowledge items identical to those asked of 
adults. 


Understanding of Selected Terms and Concepts 


In both 1990 and 1993, LSAY gauged seniors’ under- 
standing of common scientific concepts such as evolu- 
tion, continental drift, and the nature of scientific theory. 
(See figure 7-20.) In almost every area, the performance 
of the 1993 high school seniors was lower than that of the 
1990 seniors. 

In 1993, 75 percent of the seniors agreed that smoking 
causes serious health problems—a relatively low propor- 
tion, given the extensive media and societal focus on this 
issue. In fact, a full quarter of the students surveyed had 
some doubts about the health hazards of smoking. 


Responses to three other statements reveal a high 
degree of student misunderstanding or uncertainty 
regarding generally accepted scientific constructs. 

@ Only a third of 1993 high school seniors accepted 

the concept of evolution; almost a quarter did not. 


@ Only 44 percent agreed that life could have devel- 
oped on other planets. 


@ Only 37 percent rejected the idea of lucky numbers. 


Students exhibited much uncertainty in their responses. 
About a third of the 1993 respondents answered “don't 
know’ to six of the seven statements. 

On the other hand, the results indicate that slightly 
more than 60 percent of high school seniors in 1990 and 
1993 recognized that a scientific theory reflects scien- 
tists’ best understanding of how something works: and 
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about the same proportion of 1990 and 1993 seniors 
understood that scientific theories will change from time 
to time. These results suggest that a larger proportion of 
recent high school graduates than of comparable sam- 
ples of U.S. adults understand the scientific process. 


Attitudes Toward S&T" 


While high school seniors in 1990 and 1993 displayed 
a generally positive attitude toward science and technol- 
ogy, there were signs of reservation and wariness. Sixty- 
two percent of 1993 seniors agreed with the statement 
that “scientific invention is largely responsible for our 
standard of living in the United States.” In contrast, 85 
percent of the adult population agreed that “science and 
technology are making our lives healthier, easier, and 
more comfortable.”'' (See figure 7-21 and appendix table 


The attitudinal portion of the LSAyY study included some attitude 
items that had been previously used in national adult studies in the 
United States and other countries. The wording is identical for most 
items; there are minor differences on some items 

‘Note that although the LsAy and adult questions are not identical, 
they both provide information on views of the role of sat regarding 
general well-being 
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7-13.) In both 1990 and 1993, only 3 percent of students 
disagreed that S&T had made a major contribution to the 
standard of living, but there was an increased level of 
uncertainty in their responses. 

There is, however, no evidence of a growth in negative 
attitudes toward S&T among high school students. Only a 
quarter of public high school seniors in 1990 and 1993 
thought that “science is making our way of life change 
too fast,” and about the same proportion was willing to 
agree that “because of their knowledge, scientific 
researchers have a power that makes them dangerous.” 
Fewer than 10 percent of public high school seniors in 
1990 and 1993 overtly disagreed that “scientific 
researchers are dedicated people who work for the good 
of humanity.” (See figure 7-21.) 

Most (52 percent) high school seniors were uncertain 
about the potential impact of computers and automation 
on jobs, and the balance was almost evenly divided 
between optimists and pessimists. Among 1993 seniors, 
26 percent indicated that they expected computers and 
factory automation to create more jobs than they would 
eliminate, while 22 percent disagreed with that idea. The 
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Figure 7-21. 
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majority (55 percent) of U.s. adults surveyed on this 
issue in the 1992 Science & Engineering Indicators study 
expected computers and automation to eliminate more 
jobs than they would create; about 40 percent took the 
view that more jobs would be created. Among adults, 
however, only 6 percent responded that they did not 
know what the potential impact would be. 

Parallel to these slightly heightened reservations about 
the impact of computers and automation, the LSAY results 
point to a modest decline in the belief that there will be a 
technological solution to almost any future problem. A third 
of 1990 public school seniors agreed that “new inventions 
will always be found to counteract any harmful conse- 
quences of technological development,” while 70 percent 
overtly disagreed with the statement and 48 percent were 
uncertain. Three years later, only 25 percent of 1993 seniors 
agreed with this statement, and 55 percent were uncertain. 

When asked to assess the balance of benefits and 
harms from science and technology, 44 percent of 1993 
high school seniors thought that saT caused more good 
than harm, but 19 percent of seniors in both years dis- 
agreed with that view. In contrast, 73 percent of adults in 
1992 thought the benefits of scientific research were 


seniors seniors seniors seniors seniors seniors seniors seniors 
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greater than any harms, with only 17 percent taking the 
opposing view.'’ 

Looking at the broader sets of results in the LSAY and 
adult studies, it is apparent that a substantially larger pro- 
portion of students have not yet developed an attitude 
toward S&T. As these students progress into work and/or 
college, they will acquire more experiences and informa- 
tion, and it is likely that the proportion holding attitudes 
on these issues will continue to increase during their 
young adult years. On the other hand, the increased level 
of uncertainty between the 1990 and 1993 seniors cannot 
be explained developmentally. 


There are minor differences in the wording and data collection for 
this item between the adult and student samples. In ts\). the students 
were asked on a printed questionnaire to strongly agree, agree, dis 
agree, strongly disagree, or indicate that they were uncertain about 
the statement “Overall, science and technology have caused more 
good than harm.” The adult data were collected by telephone interview 
(wording of the adult question is contained in appendix table 7-18). In 
the adult interview, a response of about equal or uncertain was accep 
ed, but not offered. kven given these differences between the two 
questions, the magnitude of the differences in student and adult 


responses cannot be attributed to methodology alon 
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Conclusion: 
The Public Context of Science 


On balance, most Americans continue to hold positive 
views of science and technology, expecting continued 
advances in health, communication, and other fields. 
There is a moderately high level of interest in new scien- 
tific discoveries and the use of new inventions and tech- 
nologies, and a very high level of interest in new medical 
discoveries. The vast majority of Americans continue to 
have reservations about their understanding of scientific 
and technical concepts, and objective measurements of 
their knowledge suggest that these reservations are real- 
istic. About 15 percent of Americans follow S&T issues in 
the news and try to stay up to date on these matters. 
These attentive citizens know somewhat more about sci- 
ence and technology and hold even more positive atti- 
tudes toward S&T than other citizens. In the context of a 
specialized political system, this attentive public repre- 
sents a reasonable core of citizen support. 

It appears that citizens interested in S&T are active 
readers and viewers of news and information on these 
subjects. At the same time, most citizens expressed a 
low level of trust in many widely used information 
sources, especially television. This set of results makes 
the communication of scientific information problemat- 


ic—the most widely used information channels are the 
least trusted. Clearly, this is an area that needs more 
analysis and examination. 

There is some public awareness of the issues of integri- 
ty and fraud in scientific work, but the public appears to 
take a reasonably balanced view of the problem. Most cit- 
izens think that there are some scientists who falsify 
results for professional or personal gain, but there is no 
indication that this is viewed as an especially acute prob- 
lem. Responses indicate that confidence in the leadership 
of the scientific community has increased over the last 
few years, and in fact, this confidence level is one of the 
highest for professional groups in American society. 

Analyses of the graduating high school classes of 1990 
and 1993 point to deficiencies concerning both substan- 
tive knowledge about science and understanding of sci- 
ence and technology in society. These recent high school 
graduates demonstrated more reservations about the 
future impact of S&T than the present generation of 
American adults. More than overtly inaccurate informa- 
tion, there was a pervasive absence of any information at 
all on numerous subjects. As noted elsewhere, the avail- 
able information concerning student attitudes and stu- 
dent understanding of science and mathematics points to 
a need for the continuation of present efforts to reform 
and improve the school experience in these areas. 
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Appendix table 1-1. 
Student reports of effort expended on the NAEP mathematics test compared to other math tests, by sex, race/ethnicity, and grade: 1992 


Tried much harder Tried harder Tried about as hard Did not try as hard 
Percentace Average Percentage Average Percentage Average Percentage Average 

Student sex and race/ethnicity of students proficiency of students proficiency of students proficiency of students proficiency 

Grade 4 
Allstudents ................. 35 (0.6) 214 (0.9) 20 (0.5) 220 (1.4) 35 (0.7) 227 (0.9) 10 (0.5) 205 (2.0) 
eee ae ee eee 35 (0.9) 216 (1.1) 20 (0.7) 221 (1.8) 34 (1.0) 228 (1.3) 11. (0.6) 208 (2.2) 
re aera 35 (0.9) 213 (1.1) 21 (0.7) 219 (1.8) 36 =. (0.9) 226 (1.1) 8 (0.6) 200 (2.7) 
ERIS RED ST iioes pL ea cA eR 33 (0.7) 222 (1.2) 21 (0.6) 227 (1.5) 38 (0.9) 234 (1.0) 8 (0.6) 216 (2.3) 
i ee ea. oe 36 (3.0) 226 (3.6) 20 (3.1) 232 (5.9) 38 (3.2) 237 (3.1) 6 (1.3) 227 (8.2) 
REST a ee ia ae 41 (1.5) 194 (1.8) 18 = (1.4) 191 (2.6) 26 = (1.5) 195 (2.3) 15 (1.1) 181 (3.0) 
ee hes ae he eed 38 (1.8) 200 (2.1) 18 (1.5) 202 (3.6) 32 (1.7) 206 (2.0) 13 (1.1) 190 (2.8) 
Native American............... 37 (4.7) 205 (4.1) 25 (3.9) 206 (5.8) 24 (4.5) 222 (5.6) 14 (2.6) 204 (5.8) 

Grade 8 
Alistudents................. 12 (0.5) 246 (1.5) 18 (0.6) 259 (1.2) 49 (0.8) 276 (1.0) 20 = (0.7) 269 (1.4) 
SS ete Dk Se yt 13 (0.8) 246 (2.0) 17 = (1.0) 258 (1.7) 47 = (1.1) 276 (1.4) 23 (0.8) 269 (1.9) 
+ +« kh dantetenednsobes 11 (0.7) 246 (2.0) 19 (0.9) 259 (1.8) 52 (0.8) 276 (1.0) 18 (0.9) 268 (2.0) 
ENE peers oe emer 9 (0.5) 256 (1.7) 16 (0.6) 271 (1.4) 54 = (1.0) 283 (1.1) 21 (0.9) 277 (1.5) 
ET PET eT Tr Tere 8 (1.8) 260 (8.2) 19 (3.5) 268 (5.6) 52 (4.0) 296 (5.7) 22 (1.8) 300 (4.9) 
cee ck snag eee iaee 22 (1.7) 231 (2.5) 24 (1.5) 231 (2.2) 37 (1.8) 246 (2.0) 18 (1.5) 236 (2.4) 
CE eS ee ey 20 (1.8) 237 (2.6) 21 (1.4) 238 (2.1) 40 (1.7) 254 (2.0) 18 (1.4) 249 (3.8) 
«5566 ve bhb eure 12 (3.0) 240 (3.4) 19 (4.3) 251 (6.8) 44 (4.3) 260 (4.8) 26 = (3.8) 254 (5.1) 

Grade 12 a 
ED ad ob Be ae 6.64 4 (0.2) 274 (2.6) 7 (0.4) 280 (1.8) 44 (1.0) 302 (1.0) 45 (0.9) 301 (1.1) 
Dt seltecceiacesd cheiees 4 (0.4) 278 (3.6) 7 (0.6) 284 (2.6) 41 (1.2) 304 (1.2) 47 (1.2) 303 (1.4) 
taht uhe>seeseewheteses 3 (0.3) 269 (3.5) 7 (0.5) 277 (2.1) 47 (1.1) 301 (1.2) 43 (1.1) 298 (1.3) 
SOTTO Se CO CTT ee 3 (0.3) 283 (3.7) 6 (0.4) 289 (2.5) 46 (1.1) 308 (1.0) 45 (1.1) 306 (1.2) 
ne re 4 (1.9) 288 (8.9) 6 (1.7) 292 (8.4) 42 (4.1) 316 (3.6) 48 (4.3) 321 (4.2) 
ee es Oe Se ee 5 (0.7) 266 (3.4) 93 (1.0) 262 (3.1) 39 (1.9) 279 (2.2) 47 (2.5) 276 (2.2) 
ee re 6 (1.4) 250 (6.6) 14 (1.5) 272 (4.5) 43 (4.0) 288 (2.5) 38 (3.4) 287 (2.6) 
Native American............... 10 (8.0) 264 (23.6) 12 (5.0) 267 (7.2) 42 (6.1) 285 (9.8) 36 (9.1) 289 (17.2) 


NAEP = National Assessment of Educational Progress 

NOTES Students were asked how hard they tried on the NAEP mathematics test compared with other mathematics test they had taken that year in school. Standard errors are shown in parentheses 

SOURCE: National Center for Education Statistics. Data Compendium for the NAEP 1992. Mathematics Assessment of the Nation and the States (Washington, DC: Government Printing Office, 1993). 

See figure 1-1 Science & Engineering indicators — 1993 
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Appendix table 1-2. 
Student reports of the importance of their performance on the NAEP methematics test, by sex, race/ethnicity, and grade: 1992 


Very important Important Somewhat important Not very important 
Percentage Average Percentage Average Percentage Average Percentage Average 

Student sex and race/ethnicity of students proficiency of students proficiency of students proficiency of students proficiency 

Grade 4 
i a 66 (0.9) 217 (0.9) 23 (0.7) 225 (1.0) 7 (0.4) 222 (1.9) 4 (0.4) 213 (3.1) 
is ocd ddeaeadeeeeeeee 6 < 64 (1.1) 218 (0.9) 23 (0.9) 226 (1.5) 7 (0.5) 221 (23) 5 (06) 218 (3.5) 
CD ate eso td ee hoa & ¢ 67 (1.1) 215 (1.1) 23 (0.8) 224 (15) 6 (0.6) 222 (2.4) 3 (0.3) 204 (49) 
P< bcdhes excdkeadiawkes sss 63 (1.9) 226 (1.0) 26 (0.8) 230 (1.1) 8 (0.5) 228 (1.8) 4 (04) 224 (3.3) 
PP ecktweketevewelenbes «4 65 (3.5) 228 (3.3) 24 (2.7) 239 (2.7) 8 (1.9) 245 (88) 4 (0.9) 219 (7.9) 
ate i ae be de aes oe hehe 77 (1.2) 192 (1.4) 14 (1.0) 196 (2.7) 5 (0.7) 193 (5.7) 4 (0.7) 179 (5.9) 
tite 6 een > oan oe eh Os 68 (1.9) 201 (1.6) 22 (1.4) 205 (2.6) 6 (0.7) 196 (6.1) 4 (08) 193 (6.5) 
feeee Aememgen. .............. 69 (4.3) 208 (3.6) 19 (4.5) 213 (8.0) 6 (2.1) 205 (8.9) 6 (1.5) 220 (9.0) 

Grade 8 
IER RE aero ena ers 26 (0.8) 261 (1.2) 34 (0.9) 270 (1.2) 27 (0.6) 271 (1.3) 13 (0.6) 270 (1.6) 
Pe er er ee 26 (0.9) 263 (1.7) 31 (1.0) 269 (1.6) 27 (0.6) 270 (1.5) 16 (0.6) 269 (2.0) 
Dt te« ¢tesaidcehabeees 26 (1.0) 259 (1.4) 37 (1.2) 271 (1.5) 27 (1.1) 271 = (1.9) 10 = =(0.7) 272 (2.6) 
0 a ee ee eo eee 22 (0.8) 275 (1.5) 34 (1.2) 279 (1.2) 30 (0.8) 277 (1.5) 14 (0.7) 277 (1.8) 
Dh: c4dh so ec6hb eke s 23 (2.6) 282 (8.4) 35 (4.2) 293 (9.6) 27 (3.4) 286 (4.1) 15 (2.4) 290 (5.2) 
itthienkedas saws 39 (2.5) 234 (1.8) 33 (1.9) 239 (2.1) 19 (1.3) 241 (2.4) 9 (12) 237 (4.6) 
eye ree 35 (2.2) 242 (1.9) 33 (1.6) 248 (1.6) 22 (2.0) 251 (2.5) 10 = (1.3) 246 (5.0) 
Native American............... 21 (3.8) 258 (6.0) 40 (3.7) 258 (4.2) 20 (2.9) 244 (5.2) 19 (3.0) 254 (6.6) 

Grade 12 
ES ooo 6h 6.0.40 40000-0 9 (0.5) 292 (1.7) 25 (0.7) 298 (1.3) 36 (0.7) 300 (1.0) 31 (0.9) 300 (1.2) 
eee Perr TTT eS 9g (0.7) 295 (2.3) 23 (1.0) 300 (1.9) 33 (1.0) 302 (1.4) 35 (1.1) 302 (1.5) 
ee 8 (0.6) 288 (2.3) 26 (0.9) 297 (1.8) 38 (1.0) 299 (1.1) 27 = (1.1) 298 (1.6) 
Ss coe ahneadadeedé-be eee 6 (0.4) 305 (2.5) 23 (0.7) 307 (1.5) 37 (0.8) 306 (1.0) 34 (1.0) 303 (1.3) 
Se beheaded 15 (2.2) 304 (49) 24 (3.1) 317 (6.7) 31 (3.1) 313 (5.1) 30 8=(3.9) 324 (3.9) 
a ee ern 15 (1.4) 275 = (3.2) 27 (1.9) 275 (2.3) 36 (2.2) 273 (2.3) 22 = = (1.7) 278 (3.1) 
pierce ck eae eeeaeee 16 (3.3) 274 (6.0) 34 (2.3) 279 (3.3) 30 (1.8) 290 (2.4) 19 (4.1) 287 (3.6) 
Native American............... 11 (7.7) 267 (16.3) 29 (6.8) 283 (10.0) 28 (9.5) 293 (67) 32 (6.6) 276 (18.5) 


NAEP = National Assessment of Educational Progress 
NOTE Standard errors are shown in parentheses 
SOURCE Nationa! Center tor Education Statistics. Data Compendium for the NAEP 1992. Mathematics Assessment of the Nation and the States (Washington, DC. Government Printing Office 1993) 


See figure 1-1 Science & Engineering indicators - 1993 
A, AY 


* v2 


£661 — ssojeoipuy Buiaeui6uzZ ¥ eDUaIDS 


Science & Engineering indicators — 1993 


Appendix table 1-3. 
Average scores by percentile for the NAEP mathematics test, by sex and race/ethnicity for age 9: 1978-90 
1982 1990 
All stucents 

oe (1.0) 15993 (18) (1.3) 173.3 (2.6) 
ETA aE Ean (1.2) 173.2 (1.8) (1.5) 1858 (2.2) 
EOE OOD AN: (1.0) 196.0 (1.1) (1.6) 207.8 (1.3) 
ata lt atta lie oe (1.0) 220.4 (7.2) (1.1) 231.1 (0.9) 
a ntie veeme ie dk wh (0.9) 2433 (14) (1.2) 2525 (0.7) 
Ee ae ee eee (1.2) 262.7 (1.0) (1.3) 271.0 (1.0) 
ee (1.2) 2738 (1.3) (1.2) 282.1 (1.3) 

Males 
AEE a Ree (2.3) 156.4 (2.1) (2.0) 1718 (2.5) 
EIR ae eae (1.3) 170.2 (1.4) (1.7) 184.6 (2.1) 
i tala (1.0) 193.0 (1.5) 16 206.7 (1.2) 
EEE ee te (0.9' 2186 (1.7) (1.0) 230.4 (1.0) 
AE TE ae (1.1? 2423 8 (1.6) (1.6) 252.4 (0.8) 
Rare Si ah bi (1.2) 2622 (1.2) (1.9) 2716 (1.8) 
tihhateiteceheawen (1.1) 273.6 (1.9) (2.1) 282.8 (1.7) 

Females 

ae la Bis a aca (1.3) 1628 (1.7) (2.3) 1745 (2.8) 
yoreter ry tT ere (2.0) 1766 (1.6) (2.6) 187.0 (2.7) 
(1.2) 198.9 (1.8) (1.8) 208.9 (1.3) 
Pre rere re (1.0) 2222 (1.1) (1.1) 2318 (1.0) 
andes @hb bina e i (1.5) 2442 (1.4) (1.5) 252.7 (1.0) 
Pee Pee rere ae (1.4) 263.1 (1.0) (1.6) 2704 (1.3) 
i ecedadinkakdeie (1.8) 273.9 (1.7) (2.0) 281.4 (1.1) 

Whites 
(1.5) 168.1 (1.4) (2.4) 181.8 (2.4) 
(1.5) 1808 (1.7) (1.7) 194.0 (1.6) 
ictbe> ddskauekees (1.1) 2019 (1.3) (1.1) 2146 (0.9) 
eRe Terr eT (1.0) 2253 (1.4) (1.1) 2146 (0.9) 
OE ae Ere (0.8) 2468 (0.9) (0.8) 256.4 (0.6) 
peekdah cud bndon ede (1.1) 265.3 (1.0) (1.2) 274.5 (0.8) 
cies kivegeupeews (1.7) 2760 (1.3) (1.8) 284 8 (2.1) 

Blacks 
ne ee (1.9) 136.7 (2.5) (3.2) 156.6 (1.7) 
ee hl la dee (1.7) 1504 (23) (4.9) 167.1 (3.7) 
er ie Se ead in (1.9) 1725 (2.0) (4.1) 186.0 (4.1) 
icbeekeebeedaahess (1.1) 196.6 (2.0) (1.6) 208 4 (3.1) 
(1.6) 218.2 (2.0) (2.0) 231.4 (2.1) 
(1.6) 235.7 (2.5) (1.7) 2489 (2.9) 
(1.4) 2479 (28) (1.3) 258.9 (4.3) 

Hispanics 

(5.4) 148.1 (28) (3.7) 1618 (3.4) 
(3.7) 160.8 (3.2) (1.8) 173.4 (1.4) 
(3.2) 1813 (2.3) (3.2) 193.1 (3 6) 
(3.0) 205.2 (1.6) (2.4) 216.2 (4.1) 
(2.5) 2265 (20) (3.8) 2517 (3 4) 
(4.0) 246 4 (3.4) (3.8) 2517 ) 
(4.6) 2566 (29) (46) 262 2 35) 


NAEP Nationa! Assessment of Educaticnal Progress 
NOTE Standard errors are shown in parentheses 
SOURCE Educational Testing Service. Trends in Academic Progress (Washington DC Matona! Center tor Education Statistics 1991) 
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Appendix table 1-4. 
Average scores by percentile for the NAEP mathematics test, by sex and race ethnicity for age 13: 1978-90 
Percentile 1978 1982 1986 1930 
All students 
5th . 198.2 (1.6) 2124 (2.7) 218.3 (1.8) 217.6 (2.2) 
10th... 213.3 (1.5) 225.3 (1.6) 230.0 (1.4) 230.2 (1.4) 
am... ; ee aaa 238.1 (1.3) 246.2 (1.2) 248.3 (1.8) 2498 (0.9) 
50th a a TS 265.2 (1.1) 269.5 (1.0) 268.7 (1.3) 270.9 (1.0) 
75th . . v- a 291.1 (1.1) 2916 (1.1) 289 6 (1.3) 291.7 (1.0) 
90th... . oa 313.4 (1.2) 3108 (1.2) 309.2 (1.5) 399.9 (1.0) 
95th _._. ; 326.6 (1.3) 322 2 (1.2) 320.5 (2.2) 320.1 (1.6) 
Maies 
ae es 195.8 (1.4) 211.5 (2.2) 218.0 (1.8) 2155 (2.1) 
ee se 2114 (1.4) 2243 (2.0) 2295 (1.7) 228.6 (2.0) 
25th Oe ae 236.7 (1.4) 246.1 (1.5) 248.9 (2.3) 250.2 (1.7) 
50th... Sede 264 8 (1.4) 270.2 (1.2) 270.0 (1.6) 272.0 (1.0) 
75th... - - 2915 (1.5) 293.3 (1.2) 291.4 (1.6) 293.1 (1.2) 
90th Seg Ne 3144 (1.7) 3125 (1.5) 3108 (1.5) 3124 (1.4) 
ere | 327.5 (1.5) 324.1 (1.3) 322.0 (2.6) 323.1 (1.9) 
Females 
5th ; 200 9 (2.6) 2123.5 (1.5) 218.5 (3.2) 220.4 (2.3) 
10th... ae 215.0 (1.6) 226.2 (1.4) 230.6 (2.0) 231.4 (1.2) 
SS Sy 239.4 (1.4) 246.3 (1.1) 2478 (1.5) 2495 (1.1) 
50th ee ee 265.7 (1.2) 268 8 (0.9) 267.4 1.7 2699 (1.2) 
75th . ; Fee 290.7 (1.0) 290.1 (1.1) 287.8 (1.7) 290.3 (1.3) 
90th _.. 3124 (1.4) 308.8 (1.5) 307.2 28 307.7 (1.5) 
95th . eee 325.6 (1.2) 320.1 (2.0) 518.5 (2.4) 3173 (0.8) 
Whites 
Sth... 2119 (1.4) 223.0 (1.6) 225.7 (1.5) 228.2 (1.5) 
10th... 225.5 (1.4) 2344 (1.2) 236.5 (1.3) 239 3 (1.0) 
ean . 2476 (0.9) 253.5 (1.1) 254.1 (1.4) 257.3 (1.1) 
50th 272.2 (1.0) 2749 (0.9) 273.3 (1.0) 2766 (1.0) 
75th... ' - ; 296.0 (07) 295.5 (1.0) 293.2 (1.3) 296.0 (1.1) 
90th __. 317.1 (1.2) 3138 (1.4) 312.1 (2.2) 313.2 (1.3) 
95th . . 329.6 (1.3) 324 8 (1.4) 322 9 (1.8) 322 9 (1.6) 
Blacks 
Sth 170.2 (1.9) 201.7 (4 5) 201.7 (4.5) 2016 (5.4) 
10th 184.1 (2.6) 200.2 (3.7) 213.2 (2.3) 2118 (2.2) 
25th 205.5 (1.9) 2193 (1.8) 230.7 (2.2) 2299 (3. 
50th _. 229.0 (2.2) 241.0 (1.9) 249 3 (2.3) 249 4 (24, 
75th 254.1 (2.2) 260.9 (1.4) 266.9 (1.5) 2678 (2.9) 
90th 2764 (2.4) 2797 (2.2) 2844 (3.7) 285 3 (2.8) 
95th 288 4 (3.9) 291.1 (1.7) 296.4 (4.3) 296 2 (4.1) 
Hispanics 
5th 18°? (1.8) 202 3 (2.2) 205.9 (3.6) 206 2 (3.7) 
10th 925 (2.2) 2135 (2.6) 216.2 (3.8) 2164 (3.1} 
25th 2143 (1.8) 230.7 (1.9) 2355 (2.7) 2343 (2.2) 
50th 237.4 (2.0) 2519 (1 4) 2543 (3.4) 255 1 (1.9) 
75th 2619 (3.2) 273.7 (1 4) 2543 (3.4) 275.2 (3.5) 
90th 2837 (34) 292 8 (2 4) 2917 (3.1) 292 2 (2.9) 
95th 296 3 (3.1) 304 1 (2.9) 3012 (1.9) 303 3 (3.3) 


NAEP - Nationa! Assessment of Educational Progress 

NOTE Standard errors are shown in parentheses 

SOURCE Educational Testing Service. Trends in Academic Progress (Wastungton DC Nationa! Center tor Education Statistics 1991) 

See figure 1-2 Soence & Engineering indicators — 1993 
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Appendix table 1—5. 
Average scores by percentile for the NAEP mathematics test, by sex and race/ethnicity for age 17: 1978-90 
Percentile 1978 1982 1986 1930 
All students 
ee he aie nee 2413 (1.3) 2449 (1.1) 2517 (1.2) 253.4 (1.0) 
ED ee ee a ile ee 2542 (1.1) 255.9 (1.0) 262.7 (1.0) 264.0 (1.1) 
ES ee ese 276.4 (1.2) 2758 (1.3) 280.7 (0.6) 282.5 (1.0) 
re oe Oe sh oe 301.4 (1.1) 298 8 (1.0) 301.4 (1.3) 304.9 (1.1) 
i oli ie eee 325.4 (1.0) 321.5 (0.8) 323.1 (1.9) 326.5 (1.2) 
LS ae se ee 344.7 (0.8) 340.6 (0.9) 343.0 (1.3) 3445 (1.3) 
ed oto rae 355.7 (0.9) 351.2 (7.1) 354.0 (1.1) 355.5 (2.2) 
Males 
ES Sareea ge 243.8 (1.2) 247.0 (1.3) 252.7 (3.0) 252.8 (3.0) 
GES eth io ii a ch ai aaa ie 257.0 (1.2) 257.3 (1.2) 264.1 (1.2) 263.9 (1.2) 
Ee ere ee 2783 (1.2) 278.1 (1.1) 282.3 (1.8) 283.7 (1.3) 
te de a Be ae 304.8 (1.3) 301.8 (1.6) 303.9 (1.2) 306.4 (1.6) 
ne 3295 (1.1) 325.1 (1.2) 327.8 (2.1) 329.3 (1.1) 
| 349.2 (1.0) 344.4 (1.1) 346.7 (1.6) 3478 (1.4) 
aS — 360.1 (1.0) 354.4 (1.8) 357.5 (1.7) 358.5 (1.3) 
Females 
i Oe et 239.3 (1.3) 242.8 (1.6) 250.3 (2.8) 253.9 (1.9) 
Se ey ee 2522 (1.0) 254.1 (1.2) 261.2 (1.4) 264.0 (1.5) 
tet ns a a as ali Mee Bae Rie 2743 (1.3) 273.7 (1.2) 279.3 (1.3) 303.7 (1.7) 
ne a ed ee la 298.3 (1.1) 296.1 (1.2) 299.1 (1.3) 303.7 (1.7) 
ied is oon hei en 321.5 (1.0) 317.7 (C.8) 319.8 (1.7) 324.1 (1.2) 
PPPS TTC CTT TS 340.3 (1.4) 7 (1.7) 338.2 (2.2) 341.4 (1.6) 
Se ee 3504 (1.5) 3472 (1.5) 349 3 (1.9) 3518 (2.2) 
Whites 
I Py ee ee 2519 (0.6) 253.3 (1.1) 261.2 (1.6) 260.2 (1.3) 
ee 263.3 (1.3) 263.8 (1.1) 2705 (1.3) 2705 (1.5) 
et a ee ae 283.5 (1.0) 282.3 (1.1) 286.9 (1.2) 288.8 (1.5) 
nhs teat a ieee ae lh bw 306.6 (1.0) 303.9 (1.2) 306.8 (1.3) 310.1 (1.3) 
626s tree ednekscene 328.9 (0.8) 325.1 (0.9) 327.8 (1.7) 330.1 (1.2) 
ee ee 347.3 #8 (0.7) 343.4 (1.1) 346.1 (1.3) 347.2 (1.0) 
0 re re 357.8 (0.7) 353.4 (1.5) 356.0 (1.4) 357.1 (1.3) 
Blacks 
Dt ttene o's ds tbe wed 217.2 (2.0) 225.1 (1.4) 236.7 (3.9) 245.4 (4.4) 
re oe 227.8 #3 (1.7) 234.5 (1.7) 2443 (4.2) 253.5 (3.5) 
ee er ih ani 245.7 (1.2) 251.4 (1.6) 259.9 (1.5) 268.7 (1.8) 
Deehivieh uandanetih 267.7 (1.6) 271.2 (1.4) 2786 (3.9) 287.1 (2.5) 
2a anathece tl 2905 (2.2) 291.2 (1.7) 296.1 (2.5) 307.1 (5.3) 
FS eee ai 310.3 (2.1) 310.8 (1.7) 312.0 (7.4) 325.7 (5.8) 
Serer. ree re 320.7 (2.5) 321.3 (2.2) 324.8 (4.1) 337.7 (4.2) 
Hispanics 
es i aie oe a ee a ee 224.1 (4.4) 232.0 (1.7) 236.3 (5.3) 229.1 (5.4) 
10th . Jina ae eal 234.0 (239) 240.7 (3.2) 248.5 (4.5) 242.2 (8.1) 
25th . “— oe nie 253.4 (1.8) 255.8 (2.4) 264.7 (2.8) 263.8 (6.8) 
50th . sas 275.1 (3.6) 275.3 (3.2) 283.1 (2.5) 2818 (2.4) 
75th | 2985 (39) 297.1 (2.6) 301.2 (4.2) 304.0 (4.4) 
90th 3195 (3.6) 3149 (2.6) 318.6 (2.3) 325.1 (3.6) 
95th 332.0 (0.9) 326.7 (4.4) 329.3 (7.3) 336.3 (8.6) 


NAEP = Nationa! Assessrnent of Educational Progress 
NOTE Standard errors are shown in parentheses 


SOURCE Educational Testing Service. Trends in Academic Progress (Washington. OC National Center for Education Statistics. 1991) 


See figure 1-2 
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Appendix table 1-6. 
Average scores by percentile for the NAEP science test, vy sex and race/ethnicity for age S$: 1977-90 
Percentue 1977 7982 1986 1990 
Ak! students 

ES ee = 143.8 (2.3) 1509 (1.3) 155.0 (1.3) 15398 (1.3) 
ee 160.9 (2.1) 1668 (26) 169.9 (1.8) 176.1 (1.1) 
Ae ae 190.1 (1.6) 1944 (22) 195.4 (2.2) 202.0 (1.4) 
a as 221.5 (1.1) 221.4 (2.4) 225.1 (1.7) 230.3 (0.9) 
Sa ee a Pa 251.0 (1.1) 2490 (2.0) 253.1 (1.7) 256.6 (0.8) 
IRE ee 2765 (1.2) 2724 (3.9) 276.9 (2.0) 2788 (1.3) 
| SGRRRR RES eee 2914 (12) 286.4 (3.7) 2909 (19) 2921 (1.4) 

Maies 
FETIP OES a pre 1468 (26) 1504 (5.5) 158.0 (3.6) 159.6 (2.2) 
a a Ea 163.2 (1.9) 1665 (3.8) 1729 (1.8) 1763 (2.3) 
SPR Bar 1919 (1.9) 1935 (4.1) 198.7 (1.8) 202.1 (2.5) | 
I aS Rie Neen a ae 223.6 (1.4) 2213 (3.6) 227.9 (1.7) 2316 (1.9) 
75th ._. ; alates 253.4 (1.4) 250.4 (3.1) 256.1 (1.9) 259 4 (1.0) 
90th cate mee ;, 279.1 (1.3) 2747 (4.3) 280.3 (2.0) 283.3 (1.8) 
95th _.. — 2942 (1.5) 287.1 (5.3) 294 8 (2.7) 296.3 (2.4) 

Females 

Sth... — oe 1413 (3.5) 1512 (66) 152.5 (2.5) 1599 (2.4) 
10th | , 1685 (2.2) 1675 (3.1) 166.9 (2.6) 1758 (2.2) 
25th _. 188.3 (1.4) 1953 (2.6) 193.2 (1.8) 201.3 {1.2) 
50th 2195 (1.2) 221.4 (3.6) 227.5 (2.0) 229.2 (1.1) 
75th Hoe 2486 (1.1) 2474 (24) 250.2 (1.9) 254.0 (1.1) 
90th _. wae 273.8 (1.6) 2706 (3.4) 2733 (1.6) 2746 (1.9) 
95th _. . 288.2 (1.6) 284.4 (3.4) 287.0 (2.6) 287.0 (1.9) 

Whites 
a a eer oe 163.2 (1.3) 167.9 (3.0) 1665 (2.3) 17693 (1.4) 
SS i 1776 (1.1) 1822 (3.1) 181.0 (1.5) 189.9 (1.5) 
i. és dnd ee — 202.4 (1.1) 203.8 (2.6) 205.5 (1.5) 2126 (0.8) 
iit sacenédedenuh 229.8 (0.9) 228.6 (2.4) 232.5 (1.6) 238.3 (1.0) 
ore eae oO a 2569 (08) 2549 (2.0) 258.8 (1.4) 262.3 (1.0) 
aan PET 281.1 (1.1) 2776 §6 (28) 281.7 (1.7) 283.5 (1.4) 
er od ekdeiek a 295.4 (1.9) 2908 (4.0) 2949 (2.5) 295.7 (1.3) 
——F7r rere rt 107.0 (3.5) 123.6 (11.0) 132.8 (3.2) 131.3 (4.2) 
Ps «hist piwik AG stale 1228 (3.4) 136.7 (6.3) 1469 (3.5) 1453 (3.8) 
Se a 1466 (2 4) 159.2 (4.9) 169 7 (2.6) 169.8 (2.6) 
ar PrrrreT ye 173.8 (2.5) 188.2 (5.0) 1959 (2.2) 1963 (2.5) 
ed Se a 202.9 (1.8) 2144 (3.8) 222.6 (1.5) 224.1 (1.7) 
Pe oe 229.2 (2.9) 236 4 (4.7) 246 4 (3.7) 2468 (2.4) 
a re tte 244.1 (2.9) 246.5 (3.3) 2595 (3.5) 260.0 (5.4) 

ispanics 

errr aeare 125.2 (7.0) 1273 ©6(96) 1340 (10.1) 1462 (5.5) 
10th... seeped 139.8 (3.3) 1419 (16.8) 146.1 (5.2) 1585 (43) 
25th ' 1639 (43) 1619 (44) 172.6 (3.4) 1806 (3.7) 
50th 191.4 (3.8) 190.8 (4.8) 1998 (6.7) 206 2 (3.7) 
75th | 2190 (3.2) 2159 (3.4) 225.6 (4.1) 232.7 (4.1) 
90th 2457 (49) 236.2 (56) 252 1 (5 4) 2529 (44) 
95th 2613 (6.4) 246 0) (7.6) 264 9 (6.7) 266 8 (69) 


NAEP - National Assessment of Educational Progress 

NOTE Standard errors are shown in parentheses 

SOURCE Educational Testing Service. Trends in Academic Progress (Wastwiyjicn OC Nationa! Center tor Education Statrstics 1991) 

See figure 1-3 Scrence & Engineering indicators - 1993 
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Appendix table 1-7. 
Average scores by percentile for the NAEP science test, by sex and race/ethnicity for age 13: 1977-90 


¢ 229 


Percentile 1977 1982 1986 1990 
All students 

MM pe eeeanereeveerese 173.7 (1.7) 185.2 (2.2) 188.9 (2.2) 191.4 (2.0) 
1th... . 2... ee 190.6 (1.4) 199.6 (1.8) 203.3 (2.0) 205.9 (1.7) 
25th .........2....-0.. 218.4 (1.4) 224.1 (1.1) 227.2 (1.3) 230.0 (1.5) 
50th. .......20...0.00.. 248.6 (1.2) 250.9 (1.3) 252.1 (1.8) 256.4 (1.2) 
8 nae cde chance 277.5 (0.9) 276.7 (1.5) 276.5 (1.5) 281.1 (0.9) 
9Oth......... aaw teas 302.4 (0.9) 299.2 (1.6) 298.2 (2.0) 302.4 (1.1) 
i ee ee a oe 4 ee 316.0 (1.5) 312.8 (1.3) 310.3 (1.6) 315.1 (1.9) 

Males 
ne Os ee oe a Wo 4 EO 176.7 (1.9) 190.2 (2.6) 192.3 (4.2) 191.9 (2.5) 
Pn gereeenaceess a 193.5 (1.6) 204.4 (1.6) 207.2 (2.5) 207.3 (3.4) 
BG ng pc ene 60405 ees 221.5 (1.7) 229.5 (1.7) 231.1 (1.6) 232.9 (1.4) 
Pee ee 252.4 (1.5) 256.7 (1.5) 256.9 (2.0) 260.3 (1.4) 
er 281.6 (1.2) 282.6 (1.5) 282.4 (1.4) 285.8 (2.2) 
90th....... ew ninecet 306.5 (1.3) 305.0 (1.7) 303.4 (1.6) 307.4 (1.5) 
RS awn we neeceeseenat 321.2 (1.5) 318.3 (2.3) 316.2 (2.2) 320.2 (1.2) 

Females a 

Pn thee eee haus e heres 170.8 (1.6) 180.2 (1.9) 186.3 (2.2) 190.6 (2.1) 
Pe oe eeu eee beseeets 187.7 (1.8) 195.5 (2.3) 200.5 (2.9) 204.8 (1.5) 
re 215.5 (1.7) 219.7 (1.4) 223.4 (1.5) 227.8 (1.6) 
Ch otto en sees cua 245.0 (1.2) 246.1 (1.7) 248.0 (1.7) 253.1 (1.2) 
se ehade x evened ees 273.0 (1.5) 271.0 (1.9) 271.0 (1.8) 276.8 (1.6) 
See eee 297.7 (1.0) 292.8 (1.5) 291.3 (1.7) 296.8 (1.1) 
A eee 312.1 (2.2) 305.3 (1.8) 304.0 (3.6) 308.6 (1.4) 

Whites 
lent okt 5b0 be kOe 190.8 (0.9) 198.0 (1.7) 203.5 (2.7) 208.6 (1.6) 
re 205.2 (1.2) 210.8 (1.7) 215.8 (1.5) 220.4 (1.2) 
Ks bebewak 640340062 229.3 (1.3) 233.2 (1.2) 237.0 (1.9) 241.3 (0.9) 
eee eee eee 256.3 (0.8) 257.6 (1.3) 259.2 (2.0) 264.5 (1.1) 
Ns se eheshaee veeaen 282.9 (0.7) 281.5 (1.1) 282.3 (1.9) 287.0 (1.7) 
Ps 604.0 400R bb See Ettr 306.6 (0.9) 302.7 (1.6) 302.2 (1.9) 307.1 (1.4) 
PP ee ee ee 320.8 (1.1) 316.2 (1.7) 313.9 (2.1) 319.4 (1.3) 

Blacks 
Te ou wed 660644 6000408 144.3 (3.2) 160.3 (3.1) 167.8 (1.7) 169.7 (5.5) 
Peer reer rere 157.7 (2.4) 173.0 (3.1) 180.1 (2.2) 181.8 (6.1) 
PD ov eseecadwedesece 180.5 (2.2) 193.7 (2.4) 198.3 (3.0) 202.3 (3.7) 
50th... ee eee ee 207.4 (2.5) 216.8 (1.3) 221.2 (2.8) 225.7 (3.0) 
Pee 234.8 (2.6) 240.7 (2.2) 243.5 (3.6) 249.1 (2.6) 
90th... .....00000.08.. 259.5 (3.4) 262.2 (3.5) 264.4 (4.9) 269.0 (4.2) 
eer ee 274.6 (2.7) 274.7 (1.9) 276.8 (2.5) 283.2 (3.7) 

Hispanics 

SPP er eT errr ers 147.1 (3.5) 166.3 (49) 171.1 (5.6) 173.7 (4.7) 
Pres eee 7 161.4 (3.0) 1794 (4.1) 181.3 (4.5) 185.3 (4.5) 
MD ba eeecceeevdcescire 185.8 (3.5) 200.7 (3.6) 201.6 (5.5) 205.9 (4.1) 
Pee , 213.3 (2.5) 225.9 (4.4) 225.6 (3.8) 230.9 (3.3) 
SE 6 w.6 he 064-004 s 0d bbee 240.3 (3.5) 249.3 (5.1) 249.8 (3.4) 256.4 (5.1) 
90th....... ..... a 265.8 (2.0) 271.2 (5.1) 269.9 (3.5) 280.0 (5.9) 
95th..........0.00..... 282.1 (4.4) 284.8 (6.1) 283.0 (3.8) 294.2 (2.8) 


NAEP = National Assessrnent of Educational Progress 
NOTE: Standard errors are shown in parentheses. 
SOURCE: Educational Testing Service. Trends in Academic Progress (Washington. DC: National Center for Education Statistics, 1991) 


See figure 1-3. Science & Engineering Indicators - 1993 
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Appendix table 1-8. 
Mean studerit proficiency in the NAEP science test, by sex and race/ethnicity for age 17: 1977-90 
Percentile 1977 1982 1986 1990 
All students 
id anit amen obaee 212.6 (1.3) 203.2 (2.2) 211.8 (2.4) 209.9 (2.3) 
nie pee snes 6044.6 48 231.3 (1.4) 221.5 (1.9) 229.5 (2.4) 228.8 (2.0) 
ae eee wie 260.6 (1.4) 252.5 (2.1) 259.6 (1.9) 260.3 (1.9) 
ett whebwenseeavne 290.8 (1.0) 285.4 (1.0) 290.1 (1.9) 292.2 (1.3) 
ee 320.1 (0.9) 315.3 (1.6) 319.4 (1.3) 322.7 (1.4) 
ihe tanks oan eea 246.2 = (1.1) 341.5 (1.1) 344.5 (1.9) 348.3 (1.2) 
Eee 361.5 (1.3) 357.3 (1.4) 359.9 (2.0) 362.9 (1.5) 
Males 
ES re eee 219.5 (2.1) 210.3 (2.3) 213.9 (2.8) 210.4 (3.9) 
i: once ee +006 48 ete 238.2 (1.6) 228.9 (2.7) 231.4 (5.0) 229.5 (2.9) 
pe 267.6 (1.5) 261.1 (1.9) 263.5 (3.0) 263.4 (1.3) 
ROE err reree 298.5 (1.2) 294.3 (0.4) 298.7 (2.8) 297.9 (1.9) 
0 PE ae 328.1 (1.4) 324.8 (2.0) 327.6 (1.6) 329.9 (1.8) 
RR eee 353.9 (1.4) 350.5 (1.9) 353.4 (2.8) 356.7 (2.3) 
DS ¢ckshehahtaeseeee 368.8 (1.5) 365.3 (1.3) 367.0 (4.6) 372.5 (1.8) 
Females 
ES ey ee eee 207.5 (1.6) 198.3 (3.6) 209.8 (3.5) 209.2 (3.7) 
i <odEah bs eeee6eees 226.1 (2.1) 215.5 (2.6) 228.1 (2.0) 228.2 (4.5) 
EPS TUTTE TTT TT 254.5 (1.5) 245.7 (2.1) 256.2 (2.0) 257.7 (2.4) 
0 POT 283.8 (1.2) 2776 (2.0) 283.7 (1.4) 287.7 (2.0) 
SOT Teer er 311.5 (1.1) 306.2 (1.2) 310.8 (1.8) 316.2 (2.3) 
PPL OTT Tee 336.3 (1.2) 330.1 (1.0) 333.5 (3.0) 339.6 (2.3) 
0 err orrere ree 351.2 (1.5) 345.2 (1.5) 348.3 (3.2) 351.5 (1.6) 
Whites 
hth badee 46gheeeeass 231.1 (0.9) 223.0 (1.7) 228.3 (2.9) 232.8 (2.3) 
Fee Te ere 246.0 (0.7) 239.1 (1.5) 244.5 (3.1) 249.0 (2.0) 
rn 44a tedidedgeseaaen 270.3 (0.8) 265.5 (1.5) 271.0 (2.0) 273.4 (1.5) 
Se ere err ee 297.5 (0.7) 293.6 (1.0) 298.7 (1.7) 301.2 (1.2) 
a ee Sere ee 325.0 (0.9) 321.2 (1.6) 324.9 (1.3) 329.0 (1.6) 
Ser eee 349.9 (1.0) 246.0 (1.3) 348.9 (3.0) 352.3 (1.3) 
ns 00440466440 baEERS 364.6 (1.4) 360.8 (1.3) 363.5 (2.8) 367.3 (2.0) 
Blacks 
— Fer Pe rerrrrrer ye 172.4 (1.5) 166.0 (3.1) 189.3 (4.8) 182.0 (10.1) 
PP rT eee reerer ey 187.3 (1.9) 180.6 (3.5) 201.6 (4.9) 196.6 (3.1) 
6s ¢bebebsoteoeceese 212.1 (1.4) 206.4 (3.2) 225.0 (4.2) 220.5 (4.3) 
iD 140 eeh 6d beeseess 240.4 = (1.8) 234.7 (3.0) 251.9 (5.9) 251.6 (3.0) 
eee rr rrr rr 267.9 (2.0) 262.7 (2.2) 279.5 (3.4) 282.9 (5.0) 
EE CEETTTTT Tee 293.4 (2.5) 288.8 (3.9) 306.0 (4.2) 313.5 (11.3) 
TY TTT Tere 309.5 (2.6) 305.4 (1.6) 322.8 (5.8) 329.3 (10.2) 
Hispanics 
i eekew ns ecesenesees 193.7 (5.2) 178.0 (6.5) 194.4 (9.3) 188.7 (6.2) 
PP rrrre, Teor 208.4 (4.0) 194.2 (7.2) 209.2 (3.8) 203.9 (11.1) 
DT 60 66hbed.Oecdsanee 234.3 (3.9) 218.8 (3.3) 232.0 (5.6) 230.6 (3.6) 
ST és is hae esdewenee 6 262.4 (2.4) 248.0 (2.5) 258.9 (5.8) 260.5 (5.7) 
i ¢vs0es eedtbhbteesee 289.5 (5.1) 278.4 = ((3.4) 285.8 (3.6) 292.6 (10.6) 
PD s.A:s bee see0sbsheees 316.9 (4.4) 302.1 (3.4) 309.9 (7.6) 317.4 (5.1) 
errr 331.3. (4.4) 320.8 (11.0) 224.4 (6.3) 329.5 (9.1) 


NAEP = Nationa! Assessment of Educational Progress 

NOTE: Standard errors are shown in parentheses. 

SOURCE: Educational Testing Service, Trends in Academic Progress (Washington, DC: National Center for Education Statistics, 1991). 

See figure 1-3. Science & Engineering Indicators — 1993 
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Appendix table 1-9. 
Average student proficiency scores on the NAEP mathematics and science tests, by sex and age: 1970-90 


Sex and age 1970 1973 1977/78" 1982 1986 1990 
Mathematics 
All Students 
Qyears........ NA NA 219 (0.8) 219 (0.8) 219 (1.1) 222 ~=(1.0) 230 (0.8) 
13 years....... NA NA 266 = (1.1) 364 (1.1) 269 (1.1) 369 (1.2) 270 (0.9) 
ee NA NA 304 = (1.1) 300 (1.0) 299 (0.9) 302 (0.9) 305 (0.9) 
Male 
ee NA NA 218 = (0.7) 217 (0.7) 217 = (1.2) 222 =({1.1) 229 (0.9) 
OO eee NA NA 265 = (1.3) 264 (1.3) 269 (1.4) 270~= (1.1) 271 (1.2) 
17 years....... NA NA 309 (1.2) 304 (1.0) 302 (1.0) 305 (1.2) 306 (1.1) 
Female 
ED. occ wes NA NA 220 = =—{1.1) 220 (1.0) 221 = (1.2) 222 =(1.2) 230 (1.1) 
wees ....... NA NA 267 = (1.1) 265 (1.1) 268 = (1.1) 268 (1.5) 270 (0.9) 
a NA NA 301 (1.1) 297 (1.0) 296 (1.0) 299 (1.0) 303 (1.1) 
Science 
All Students 
225 (1.2) 220 = (1.2) 220 (1.2) 221 (1.8) 224 =(1.2) 229 (0.8) 
3 years....... 255 = (1.1) 250 (1.1) 247 (1.1) 250 = (1.3) 251 (1.4) 255 (0.9) 
0 305 (1.0) 296 (1.0) 290 (1.0) 283 (1.2) 289 (1.4) 290 (1.1) 
Male 
Qyears........ 228 = =(1.3) 223 = (1.3) 222 (1.3) 221 (2.3) 227 = (1.4) 230 (1.1) 
13 years....... 257 = (1.3) 252 ~=s (1.3) 251 (1.3) 256 (1.5) 256 ~=—«(1.6) 259 (1.1) 
17 years....... 314 (1.2) 304 (1.2) 297 (1.2) 292 (1.4) 295 (1.9) 296 (1.3) 
Female 
| 223 =(1.2) 218 =(1.2) 218 (1.2) 221 (2.0) 221 + =(1.4) 227 (1.0) 
13years....... 253 (1.2) 247 = (1.2) 244 (1.2) 245 (1.3) 247 = (1.5) 252 (1.1) 
17 years....... 297 (1.1) 288 = (1.1) 282 (1.1) 275s (1.3) 282 = (1.5) 285 (1.6) 


NA = not available: NAEP = National Assessment of Educational Progress 
NOTES: Science and mathematics scores are not comparable. Standard errors are shown in parentheses 
‘Data for the NAEP science test are for 1977, data for the NAEP mathematics test are for 1978 
SOURCE: Educational Testing Service, Trends in Academic Progress (Washington, DC: National Center for Education Statistics 1991) 
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Appendix table 1-10. 
Distribution of student proficiency scores by score range on the NAEP mathematics test, by sex and race/ethnicity 
for age 13: 1978-90 


Sex, race/ethnicity, and score range 1978 1982 1986 1990 
Percent 
All students 
ne a wens be ndb 6% 600 ee ene teen 5.4 2.3 1.4 1.5 
in a a wad we ames aeeese 29.7 26.3 25.3 23.8 
i le awe ke ew 46.9 54.0 57.5 57.4 
es ee wees hanes asees 17.0 16.9 15.4 16.9 
oh i ee eee en 6S aN 1.0 0.5 0.4 0.4 
Male 
i ee ee 6.1 2.5 1.5 1.8 
le i ek eg ele 30.0 26.2 24.7 23.1 
Ee ee oe i ee ek ih bce ee ee 455 52.4 56.2 56.1 
EM nt ee ee eee be bb CONST aeae 17.3 18.2 17.1 18.5 
a a ence ehh ne ees eaeeaeeri 1.1 0.7 0.5 0.5 
Female 
TEER EE TN Cregg a ne 48 2.0 1.4 1.1 
PE CLS ss teeta cant ewh er Jacehianke 29.3 26.6 25.9 24.5 
EL ona 's'o.0 oo 6.0 0 6464 49 0SO TRON OO RS 48.4 55.5 58.6 58.7 
Ls. xn 6 obo 0 6040000 0 60Rb UES UDESE 16.6 155 13.8 15.5 
a 0.9 0.4 0.3 0.2 
White 
ea Laas 600 0. tbe 4 06 kde ne 60es 2.4 0.9 0.7 0.6 
ee ee ee ee ee ny 24.7 20.8 20.4 17.4 
I CRG * See eae ale es il eo 51.5 57.8 60.3 61.0 
PY tet ek ks Ke el nae ee ah eke ee 20.2 19.9 18.2 20.6 
EEF Re Sa ne 1.2 0.6 0.4 0.4 
Black 
Ee ere 20.3 98 46 46 
I ee te Gian Oe ee ak en 00 6.0b a Ot 51.0 52.3 46.4 46.7 
SE ee 26.4 35.0 45.0 448 
EE ee 2.3 2.9 3.9 3.8 
pe PEE gn he ee oe) 66685 88S ON 0 0 0.1 0.1 
Hispanic 
Less than200......... 0.00... 13.6 4.1 3.1 3.2 
ED, nw6.6448:6 46000604600 04600000062 50.4 43.7 40.9 40.1 
Sr rere 32.0 459 50.5 50.3 | 
eae ee ee 3.9 6.3 5.3 6.3 
ID 0 aia it he ee oe eh ee dS 0.1 0 0.2 0.1 


Less than 200—Simple arithmetic facts. Students at this level know §300—Moderately complex procedures and reasoning. Students at 
some basic addition and subtraction facts. and most can add two-digit __ this level are developing an understanding of number systems. They 
numbers without regrouping. They recognize sii ole situations in which can compute with decimals, simple fractions, and commonly 

addition and subtraction apply. They also are developing rudimentary encountered percents. They can identify geometric figures, measure 
Classification skills. lengths and angles, and calculate areas of rectangles. These students 


200—Beginning skills and understandings. Students at this level are also able to interpret simple inequalities. evaluate formulas, and 
have considerable understanding of two-digit camer. They can add solve simple linear equations. They can find averages, make decisions 


two-digit numbers, but are still developing an ability to regroup in oti a ae aed > Ay ee mt soive 
subtraction. They know some basic multiplication and division facts. , y oping — g 


recognize relations among coins, can read information from charts and ONG, CAPTAINS, GN CHE CUED. 
graphs. and use simple measurement instruments. They are develop- §350—-Multi-step problem-solving and algebra. Students at this level! 
ing some reasoning skills. can apply a range of reasoning skills to solve multi-step problems. 


250—Basic operations and beginning problem-solving. Students They _ ove onesie preseme pean WESTON ONE am 
recognize properties of basic geometric figures, and work with 
at this level have an initial understanding of the four basic operations. 


.Th . 
They are able to apply whole number addition and subtraction skills to pg yor tay y te 4 i pti el 
one-step word problems and money situations. In multiplication. they P 9 ; nie g p 


can find the product of a two-digit and a one-digit number. They can and solve linear equations and inequalities. They are developing an 


f ’ 
also compare information from graphs and charts and are developing eC es CS a ae 
an ability to analyze simple logical relations. 


NAEP = National Assessment of Educational! Progress 
SOURCE: Educational Testing Service. Trends in Academic Progress (Washington. DC: National Center for Education Statistics, 1991) 
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Appendix table 1-11. 
Distribution of student proficiency scores on the NAEP mathematics test, by sex and race/ethnicity for age 17: 1978-90 


Sex, race/ethnicity, and score range 1978 1982 1986 1990 
Percent 
All students 
NS 0.2 0.1 0.1 0 
200-249.......... aaa one cnseee ac ee 7.8 6.9 43 40 
RR Nw wk 40.5 445 43.9 39.9 
ec a 8 -_ 44.2 43.0 45.2 48.9 
RATERS IE a ae 7.3 5.5 6.5 7.2 
Male 
ER a a er ee 0.1 0 0.1 0.1 
oan oo i we ey eed ea bd 6.9 6.1 3.8 4.1 
GE TE ee aa 37.9 42.0 415 38.2 
a 456 45.0 46.2 488 
ES ee ee ean eaedeenekes 95 6.9 8.4 8.8 
Female 
es bw ce kink been ew eeeene en we 0.3 0.1 0 0 
I 8.7 78 49 3.8 
EL oe Nod écceucsodeeeeencenecesesnes 428 46.8 46.2 415 
Td «i's osc aececkenecsersretbesess 43.0 41.2 44.2 49.1 
i. . 206 net cence nn beeteet tans 5.2 4.1 47 5.6 
White 
ES oe ee ne ee exch baseenee 0 0 0 0 
SR ee a 44 3.8 2.0 24 
ES Oe ee ee ee 38.0 415 38.9 34.4 
IS 65 ve eee ade aneha ne hse s 49.1 48.3 51.2 549 
oo eh hoe es on ee Lee eee & 8.5 6.4 7.9 8.3 
Black 
ee ee ee 1.2 0.3 0 0.1 
a a ee ee ee 28.1 23.3 14.4 7.6 
RT i ge 5 oh oe ek hades ieee a2 53.9 59.3 64.8 59.6 
Re ee 16.3 16.6 20.6 30.8 
SF 0.5 0.5 0.2 2.0 
Hispanic 
EE ccccuasudehiuasaurentens 0.7 0.2 0.6 0.4 
EE ae od be ob hah bd ORONO Red 40 21.0 18.4 10.1 13.8 
i tuned tdeaee &.c0aeude a s.o02880.4 549 598 62.8 55.7 
IG <i pean keds tebe een cegeteene2 22.0 20.9 25.4 28.2 
ee 1.4 0.7 1.1 1.9 


NAEP = National Assessment of Educational Progress 
NOTE: See appendix table 1-10 for descriptions of proficiency levels 
SOURCE: Educational Testing Service. Trends in Academic Progress (Washington, DC: National Center for Education Statistics. 1991) 
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Appendix table 1-12. 
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Distribution of student proficiency scores by score range on the NAEP science test, by sex and race/ethnicity 


for age 13: 1977-90 
Sex. race/ethnicity, and score range 1977 1982 1986 1990 
Percent 
All students 
i ln ie i 14.0 10.2 84 7.7 
te he tie tebe e wend enien ah 37.2 38.9 39.1 35.8 
TE nt i we ade eee es o0-ead ee eee 37.7 413 43.4 45.3 
300-349... ee aoe 10.4 92 8.9 10.8 
Ds a nt a ew eeen ent chebawheese 0.7 04 0.2 0.4 
Male 
i i Mi ie ek el 128 8.1 7.1 7.3 
te a a i oe ad a tae 34.9 35.7 35.6 32.9 
RE So ee Cn 39.2 43.6 45.4 458 
ee a a ek 12.2 12.1 11.6 13.4 
I de a ie ee ba 09 05 0.3 0.6 
Female 
RE Ee ee a 15.3 12.1 9.7 8.0 
ES Ee a ee 36.3 419 426 38.7 
Ne ee SO lng 36.4 39.1 41.4 448 
300-349 86 6.7 6.2 8.3 
I oP ig ia ae ee a ae NL 04 0.2 0.1 0.2 
White 
I, © le ct od bE Ue Cad ee Bee eed 78 56 3.9 3.1 
id Shel i od bie eee 2 hee a eit abd 35.7 36.1 35.1 30.4 
EE re ree Fe mes & 43.1 46.8 49.7 52.3 
0 a a 12.6 11.1 11.0 13.7 
350 or more - LD OE Oe PT PN Te 0.8 0.4 0.3 0.5 
Black 
ead oe ane hs oes tall ee 4s 42.7 31.4 26.4 22.4 
IS 2 aah lee od Sie eel ee gs 42.4 51.5 54.0 53.3 
i Cae ith ads bat ee ee ee 13.7 16.3 18.5 22.8 
300-349...... speech ewes adeseeays 1.2 0.8 1.1 1.4 
350 or more rererTyT TTT »e 0 0 0 0.1 
Hispanic 
Lessthan200...... ; rreTT TT eee 37.8 245 23.3 19.8 
200-249... cen lthcanoaewicna 44.1 51.4 51.8 50.2 
250-299... .. — Tee ee ee 16.3 21.7 23.4 a 
300-349 Peat bn bh ikh hikes eee 1.8 2.4 1.5 3.2 
350 or more . i i i i a ald id _ 0 0 0 0.1 


NAEP = National Assessment of Educational Progress 


SOURCE Educational Testing Service. Trends in Academic Progress (Washington. DC: National Center for Education Statistics, 1991) 


Less than 200—Knows everyday science facts. Students at this 
level know some general scientific facts of the type that could be 
learned from everyday experiences. They can read simple graphs. 
match the distinguishing characteristics of animals, and predict the 
operation of familiar apparatuses that work according to mechanical 
principles. 


200—Understands simp' __ientific principles. Students at this 
level are developing s_.e understanding of simple scientific 
principles, particularly in the life sciences. For example. they exhibit 
some rudimentary knowledge of the structure and function of plants 
and animals. 


250—Applies basic scientific information. Students at this level can 
interpret data from simple tables and make inferences about the 
outcomes of experimental procedures. They exhibit knowledge and 
understanding of the life sciences, includina a familiarity with some 
aspects of animal behavior and of ecological relationships. These 
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Students also demonstrate some knowledge of basic information from 
the physical sciences. 


300—Analyzes scientific procedures and data. Students at this 
level can evaluate the appropriateness of the design of an experiment. 
They have more detailed scientific knowledge and the skill to apply 
their knowledge in interpreting information from text and graphs. ~>ese 
Students also exhibit a growing understanding of principles from the 
physical sciences 


350—integrates specialized scientific information. Scents at this 
level can inter relationships and draw conclusions using detailed 
scientific knowledge from the physical sciences. particularly chemistry 
They also can apply basic principles of genetics and interpret the 
societal implications of research in this field. 
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Appendix table 1-13. 
Distribution of student proficiency scores by score range on the NAEP science test, by sex and race/ethnicity 
for age 17: 1977-90 


Sex, race/ethnicity, and score range 1977 1982 1986 1990 
Percent 

Ail students 

a ee 29 43 29 3.3 
ee ee i et ew wee ae 15.5 19.1 16.4 15.5 
SEE EI Sn NL ee a ae 39.9 39.3 39.4 37.8 
Na sk a 33.2 30.2 33.4 34.2 
a iN a a ri a 85 7.1 73 92 
Male 

I a a ad 2.2 3.2 2.6 3.2 
es oie Coe cel a ee Gi 12.6 15.6 15.0 143 
NO ites ee ee A ee a hand 36.4 36.0 33.6 34.3 
I tb onus ten Sebacnenbeeienkine 37.0 34.8 37.4 35.2 
i ke el 11.8 10.4 11.4 13.0 
Female 

a i a isis oi Oe 3.6 5.4 3.1 3.4 
Re ee tee Ree week cs 18.4 22.4 17.8 16.7 
i i ee ie eek ee kg 43.2 42.3 45.0 412 
EE ee ea er ere 29.5 26.0 29.6 33.2 
i i on it ee ee 53 3.9 45 55 
White 

end eee pe dete eee as as 0.8 1.4 1.2 1.0 
Ee 11.0 13.7 11.0 94 
een eit ee owen tee Oak ee 40.7 41.0 39.1 38.4 
EE ey ree ee re ee ee 37.5 35.3 39.1 39.8 
ED 5 be 6 oe Cee Ke ee eed Cee ees 10.0 8.6 96 11.4 
Black 

i ee oe Pe eek es 16.4 20.3 9.1 11.7 
Nl ee ee a ee eee ee ad bee 43.1 447 38.7 36.9 
ite .s hebben. nda eeendlaonka 32.8 28.5 39.7 35.7 
300-349....... err rT Te vedbsbéaeauat 7.3 6.6 11.6 14.2 
tt. ches tuteeeden vieweeetwe se 0.4 0.2 0.9 1.5 
Hispanic 

tn veeckn gti e heehee he che Co 6.9 13.1 6.7 8.1 
Ce ee 31.6 38.9 33.3 32.0 
250-299....... Pe eT ee ee ye ee rrr eee 43.0 36.9 45.2 38.8 
DPC Pit kts ¢abindiddntedbabbbebes ce 16.7 9.7 13.7 19.0 
aa al in a a a 1.8 1.4 1.1 2.1 


NAEP = Nationa! Assessment of Educational Progress 
NOTE See appendix table 1-12 for descriptions of proficiency levels 
SOURCE: Educational Testing Service. Trends in Academic Progress (Washington. DC: National Center for Education Statistics, 1991) 
Science & Engineering indicators - 1993 


236 ¢ Appendix A. Appendix Tabies 


Appendix table 1-14. 
NAEP mathematics test proficiency levels, by age: 1990 and 1992 


Assessment year 


Level and description Grade 1990 1992 
Percentage at or above level 
200—Addition and subtraction, and simple problem solving with whole numbers. Students a 67 (1.4) 72” (0.9) 
at this level can identify solutions to one-step word problems involving addition or subtraction. They Pt etek 95 (0.7) 97 (0.4) 
can add and subtract whole numbers in most situations, and, when a calculator is available, they rs 100 (0.2) 100 (0.1) 


can multiply and divide. They are able to select the largest whole number from a set of numbers in 
the thousands and can match numbers’ verbal and symbolic names. They demonstrate familiarity 
with length and weight by selecting appropriate instruments and units to measure these attributes. 
They are able to recognize some basic properties of two-dimensional geometric figures as well as 
the names of standard examples of these figures. They can recognize simple patterns. 


250-Multiplication and division, simple measurement, and two-step problem solving. When aia a 12 (1.1) 17° (0.8) 
presented with a problem situation, students at this level have some understanding of the problem, ieee 65 (1.4) 68 (1.0) 
can identify extraneous information, and have some knowledge of when to use Computational 88 (0.9) 91° (0.5) 


estimation. they have an understanding of addition, subtraction, multiplication, and division with whole 
numbers. They can solve simple two-step problems involving whole numbers. They are able to round 
whole numbers and solve simple word problems involving place value. estimation, and multiples. 
Students can use a ruler to measure length in centimeters and have some understanding of area and 
perimeter. They can solve problems that require visualizing, drawing, or manipulating simple geometric 
shapes. They are able to complete bar graphs and pictographs, as well as use information from graphs 
or tables to solve simple problems. They can recognize simple number patterns, are beginning to deal 
informally with the idea of a variable, and have some knowledge of simple probability. 


300—Reasoning and problem solving invoiving fractions, decimals, percents, elementary rr 0 (0.1) 0 (0.1) 
concepts in geometry, statistics, and algebra. Students at this level can use various strategies ver 15 (1.0) 20 (0.9) 
and explain their reasoning in a variety of problem-solving situations. They are able to solve aa 45 (1.4) 50° (1.2) | 


probiems involving not only whole numbers but with decimals and fractions. They can represent 
and find equivalent fractions and use these concepts in solving routine problems. They can find 
a percent of a number and use this skill in simple problems. Multiplication and division of whole 
numbers have developed to the extent that students can use all four operations in multi-step 
problems. Students can read and use instruments in more complex situations. They can find 
areas of rectangles, recognize relationships among common units of measure, and solve routine 
problems involving similar triangles and scale drawings. They have knowledge of definitions and 
properties of simple geometric figures in the plane. Their spatial sense includes the ability to 
visualize a cube in either three-space or its flattered form in a plane. Students can calculate 
averages, select and interpret data from a variety of graphs. list the possible arrangements in a 
sample space. find the probability of a simpie event, and have a beginning understanding of 
sample bias. They can use knowledge of relative frequencies in simple simulation situations. 
Students show the ability to evaluate simple expressions and solve linear equations. Students 
Can graph points on coordinate axes, locate the missing coordinates for a corner of a square. 
and identify which ordered paris satisfy a given linear equation. 


350—Reasoning and problem solving involving geometric relationships, algebra, and Pl seese 0 (0.0) 0 (0.0) 
functions. Students at this level can reason and estimate with percents. They can recognize 2. 2 1 (0.2) 
scientific notation and find the decimal equivalent. They can apply their knowledge of area and 2@..... § @SH 6 (0.5) 


perimeter of simple geometric figures to solve problems. They can find the circumferences of 
circles and the surface areas of solid figures. They can solve for the length of missing segments 
in more complex similarity situations. Students can apply the Pythagorean Theorem to find the 
hypotenuse of a right triangle. They are beginning to use rectangular coordinates in problem- 
solving situations and can apply geometric properties and relationships in solving problems. 
Students can compute means from frequency tables and create a sample space to determine 
probabilities. and read the graph of a step-function. Students can use exponents and evaluate 
expressions given in functional notation. In number theory, they have an understanding of even 
and odd numbers anc their properties. They can identify an equation describing a linear relation 
provided in a table. and solve !iteral equations and systems of two linear equations. They have 
some knowledge of trigonometric relations These students can represent and interpret complex 
patterns and data using numbers, expressions. and graphs. Given the graph of a function, they 
can identify its zeros and the effect or the graph of taking the absolute value of the function 


* = significantly higher than 1990 value at about the 95-percent confidence interval. NAEP = Nationa! Assessment of Educational Progress 
NOTE Standard errors are shown in parentheses 
SOURCE. Nationa! Center tor Education Statistics. NAEP 1992 Mathematics Report Card for the Nation and the States (Washington. DC. 1993) 
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Appendix table 1-15. 
NAEP mathematics test achievement levels for grade 4, by sex and race/ethnicity: 1990 and 1992 


Achievement level 


Sex and race/ethnicity Average score Proportion of total Advanced Proficient Basic Below basic 
Percent 
All students 1990.... 213 (0.9) 100 1 12 41 46 
1992.... 218(0.7) 100 2 16 43 39 
Maie 1990. 214 (1.2) 52 2 12 41 45 
1992.... 220 (0.8) 50 3 17 42 38 
Female 1990.... 212(1.1) 48 1 12 40 47 
1992. 217 (1.0) 50 2 15 42 41 
White 1990 . 220 (1.1) 70 2 15 47 36 
1992.... 227 (0.9) 70 3 20 49 28 
Asian 1990.... 228 (3.5) 2 4 20 45 31 
1992.... 231 (2.4) 2 5 25 46 24 
Black 1990.... 189 (1.8) 15 0 2 20 78 
1992... 192 (1.3) 16 0 3 21 76 
Hispanic 1990.... 198(2.0) 10 0 5 29 66 
1992.... 201 (1.4) 10 0 6 31 63 
Native American 1990.... 208 (3.9) 2 0 5 43 52 
1992.... 209 (3.2) 2 2 8 36 54 


For fourth graders. the frve NAEP content areas are (1) numbers and operations. (2) measurement. (3) geometry. (4) data analysis. statistics. and probability and (5) 
algebra and functions At the fourth grade level. algebra functions are treated in informal and exploratory ways. often through the study of patterns Skills are 
cumulative across levels—from basic to proficient to advanced 


* Basic (211). Fourth graders performing at the basic level should be abie to estemate and use basic facts to perform simple computations with whole 
numbers. show some understanding of fractions and decimals, and solve some simple real-world problems in al! NAEP content areas Students at this 
level should be able to use—though not always accurately—tour-function calculators. rulers. and geometric shapes The written responses are often 
minima! and presented without supporting information 


Proficient (248). Fourth graders performing at the proficient level should be able to use whole numbers to estimate. compute. and determine whether 
results are reasonable They should have a conceptual understanding of fractions and decimals. be able to solve real-woi.d problems in all NAEP 
content areas. and use four-function calculators. rulers, and geometric shapes appropriately They should employ problem-solving strategres such as 
identifying and using appropriate information Ther written solutions should be organ 7ed and presented both with supporting information and 
explanations of how they were achieved 


+ Advanced (280). Fourth graders performing at the advanced level should be able to solve comp'ex and nonroutine real-world problems in all NAEP 
content areas They should display mastery in the use of four-function calculators, rulers, and geometric shapes These students are expected to draw 
logical conclusions and justify answers and solution process by explaining why. as well as how. they were achieved. They should go beyond the obvious 
in thew interpretations and be able to communicate thei thoughts clearly - »d concisely 


NAEP = National Assessment of Educational Progress 

NOTE Standard errors are shown in parentheses 

‘Data are tor the percentage who reached but did not surpass the given level 

SOURCE Nationa! Center for Education Statistics. NAEP 1992 Mathematics Regort Card jor the Nation and the States (Washington. DC 1993) 

See figure 1-4 and text table 1-1 Science & Engineering indicators - 1993 
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Appendix table 1-16. 
NAEP mathematics test achievement levels for grade $, by sex and :ace/ethnicity: 1990 and 1992 
Achievement level’ a ae 
Race/ethnicity Average score Proportion of totai Advanced Proficient Basic Below basic 
Percent 
All students 1990.... 263(1.3) 100 2 18 38 42 
1992.... 268(0.9) 100 4 21 38 37 
Maie 1990.... 263(1.6) Si 3 18 37 42 
1992.... 267(1.1) 3 4 21 37 38 
Female 1990.... 262(1.3) 49 2 16 41 4) 
1992.... 268(1.0) 49 4 20 39 37 
White 1990.... 270(1.4) 71 3 21 44 32 
1992.... 277(1.0) 70 a 28 42 26 
Asian 1990.... 279(4.8) 2 6 32 38 24 
1992.... 288 (5.5) 2 14 30 36 20 
Black 1990.... 238(2.7) 15 0 6 22 72 
1992.... 237(1.4) 16 0 3 24 73 
Hispanic 1990.... 244(28) 10 0 6 32 62 
1992.... 246(1.2) 10 1 7 31 61 
Native American 1990.... 246 (9.4) 2 0 9 30 61 
1992.... 254(2.8) 1 0 g 38 53 
For eighth graders. the five NAEP content areas are (1) numbers and operations. (2) measurement. (3) geometry (4) data analysis. statistics, and probability. and (5) 
algebra and functions Skills are cumulative across levels—trom basic to proficient to advanced 


* Basic (256). Eighth graders performing at the basic teve!l should complete 


problems correctly with the help of structural prompts such as diagrams. 
Charts, and graphs They should be abie to solve problems in all NAEP content areas through the appropnate selection and use of strategies and 
caiculators. computers. and geometnc shapes Students at this level aiso should be able to use fundamental aigebraic 
and informal geometric concepts in problem solving As they approach the proficient level. students at the basic level should be able to determine which 
of available data are necessary and sufficient for correct solutions and use them in problem solving However these eighth graders show limited skill in 


communicating mathematically 


Proficient (294). Eighth graders performing at the proficrent level should be able to conjecture. defend thew eas. and give supporting examples They 
should understand the connections between fractions. percents. decimals and other mathematical topics such as aigebra and functions Students at 
this level are expected to have a thorough understanding of basic level arithmetic operations—.an understanding sufficient for problem solving in 
practical situations Quantity and spatial relationships in problem solving and reasoning should be famihar to them. and they should be able to convey 
underlying reasoning skills beyond the level of arithmetic They should be able to compare and contrast mathematica! deas and generate thew own 
exampies These students should make inferences from data and graphs. apply properties of informal geometry. and accurately use the tools of 
technology They should understand the process of gathering and organizing data and be able to calculate evaluate. and communicate results within 
the domain of statistics and probability 


Advanced (331). Eighth graders performing al the advanced level should be able to probe examples and counter examples im order to shape 
generalizations trom which they can develop models They should use number sense and geometric awareness to consider the reasonableness of an 
answer They are expected to use abstract thinking to create unique problem-solving techniques and explain the reasoning processes underlying thew 
conclusions 


NAEP = Nationa! Assessment of Educational Progress 

NOTE Standard errors are shown in parentheses 

‘Data are tor the percentage who reached but did not surpass the given level 

SOURCE. Nationa! Center for Education Statistics. NAEP 1992 Mathematics Report Card for the Nation and the States (Washington. OC 1993) 


See figure 1-4 and text table 1-1 
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Appendix table 1-17. 
NAEP mathematics test achievement levels for grade 12, by sace ethnicity: 1990 and 1992 


Acmevement eve! 


Race ethnicity Average score Proportion of io1.7 Advanced Proficient Basic Below basic 
Percent 
All students 1990 294 (1.1) 100 2 11 46 4! 
1992 299 (0.9) 100 2 14 48 36 
Maie 1990 297 (1.4) 48 3 13 45 39 
1992 301 (1.1) 49 3 15 47 35 
Female 1990 . 292 (1.3) 52 1 9 47 43 
1992 297 (1.0) 51 1 13 49 37 
White 1990.... 300(12) 74 2 14 51 33 
1992 _. 305 (0.9) 71 2 17 53 28 
Asian 1990.... 311 (5.2) 3 5 20 51 24 
1992.... 315(3.5) 4 6 25 50 19 
Black 1990.... 268(1.9) 14 0 2 26 72 
1992 275 (1.7) 15 0 3 31 66 
Hispanic 1990 . 276 (28) 8 0 4 33 63 
1992 283 (1.8) 10 1 5 39 55 
Native American 1990 288 (10.2) 1 0 4 58 38 
1992.... 281(9.0) 1 0 4 42 54 


For 12th graders. the five NAEP content areas are (1) numbers and operations. (2) measurement (3: geometry (4) data analysis. statistics. and probability and (5) 
aigebra and functions Skills are cumulatve across leveis—trom basic to proficient to advanced 


* Basic (267). Twelfth grade students performing at the basic level should be able to us* estimation to verity solutions and determine the reasonabieness 
of results as apphed to real-world problems They are expected to use algebraic an! jeonetnc reasoning strategies to ©~!ve problems They should 
recognize relationshups presented in verbal. algebraic tabular. and graphical tors. and demonstrate knowledge of geometric relavonships and 
corresponding measurement skills They should be able to apply statistical reasoning in the organization and display of data and in reading tables and 
graphs They also should be able to generalize trom patterns and examples in the areas of algebra geometry and statrstics At this level they should 
use correct mathematical language and symbols to communicate mathematical relationships and reasoning processes and use Calculators 
appropriately to solve problems 


Proficient (334). Tweltth graders pertorming at the proficient level ¢!:ould demonstrate an understanding of aigebraic. statistical. and geometric and 
spatial reasoning They should be able to perform aigebrarc ope’ ations nvolving polynomials. justity geometric relatonstups and judge ano defend the 
reasonableness of answers as applhed to real-world situations These students should be able to analyze and interpret data in tabula* and graphical 
form understand and use elements of the function concept in symbolic. graphical. and tabular form. and make conjectures. defend Weas and give 
Supporting examples 

+ Advanced (366) Twelfth grade students performing at the advanced level! should understand the function concept and be abie to compare and apply 
the numenc aigebrarc and graphical properties of functions Try should apply thew knowledge of algebra geometry and statistics to solve problems 
in More advanced areas of Continuous and discrete mathemat.* They should be able to formulate generalizations and create models through probing 
examples and counter examples They should be able to commuruicaie ther mathematical reasoning through the clear. concise. and correct use of 
mathematical symbolism and logical thinking 


NAEP - Nationa: Assessment of Educational Progress 
NOTE Standard errors are shown in parentheses 


Data are tor the percentage who reached but did not surpass the given level 
SOURCE Natona! Center tor Education Statistics NAEP 1992 Mathematics Report Card for the Nation and the States (Wastwngton. DC 1993) 
See figure '—4 and text table 11 Science & Engineering indicators - 1993 
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Appendix table 1-18. 
Distribution of scores on the mathematics SAT, by sex—all students: 1987 and 1992 
Score range All students Males Females All students Males Females 
Number Percent 
1987 
Total test-takers 1.080.426 520.326 560.100 
200-249 11,823 4.377 7 446 11 08 13 
250-299 60.562 22.100 38.462 56 42 6.9 
300-349 98.146 37.270 60.875 91 72 10.9 
350-399 136,231 54.035 82.°96 126 104 14.7 
400-449 153,459 64.848 88 411 14.2 125 15.8 
450-499 162.476 73.681 88.795 15.0 142 15.9 
500-549 137,116 68.048 69,068 12.7 13.1 12.3 
550-599 ..... 122,642 66,808 55.834 11.4 128 10.0 
ree 90.548 53.871 36.677 84 104 6.5 
650-699 .. 65.698 43,266 22,432 6.1 8.3 40 
are ae 30,737 22.897 7,840 28 44 14 
750-8.) ...... 10,988 9.125 1,863 1.0 18 0.3 
1992 
Total test-takers 1,034,131 491.748 542.383 
200-249 13,414 4,982 8.432 13 1.0 16 
250-299 52.302 19.362 32.940 5.1 3.9 6.1 
300-349 97.115 37.135 59.980 94 76 11.1 
350-399 128,711 51,452 77.259 12.4 10.5 142 
400-449 143,226 60.496 82,730 13.8 12.3 15.3 
450-499 150,941 68.108 82.833 146 13.9 15.3 
500-549 150,284 73,137 77,147 145 149 14.2 
550-599 110,741 58.805 51,936 10.7 12.0 96 
600-649 82.996 48,034 34,962 8.0 98 64 
650-699 56.882 36.001 20.881 55 73 3.8 
700-749 33,387 23,209 10,178 32 47 19 
750-800 14,132 11,027 3,105 14 22 0.6 


SAT = Scholastx Aptitude Test 
SOURCES The College Board 


Seniors: 1987 Protile of SAT and Achievement Test Takers (Princeton Educational Testing Service, 1987): and The 


College Board. College—Bound Seniors 1992 Profile of SAT and Actnevement Test Takers (Princeton Educational Testing Service. 1992) 


See figures 1-7 and 1-8 
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Appendix table 1-19. 


Distribution of scores on the mathematics SAT, by sex—white students: 1987 and 1992 
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Score range All students Males Females All studer’ . Males Females 
Number Percent 
1987 

Total test-takers 788.613 378.278 410.335 

200-249 4.346 1,501 2.845 06 0.4 07 
250-299 28.893 9.947 18.946 3.7 26 46 
300-349 57.838 21,015 36.823 73 5.6 9.0 
350-399 91.828 35,175 56.653 11.6 93 38 
400-449 113,172 46.106 67,066 144 12.2 16.3 
450-499 125,741 55.316 70,425 159 146 17.2 
500-549 109.576 53.251 56.325 13.9 14.1 13.7 
550-599 99.391 53.244 46,147 126 14.1 11.2 
600-649 73,253 43.287 29,966 93 11.4 73 
650-699 52.908 34.853 18.055 6.7 92 44 
700-749 23,679 17,839 5.840 3.6 47 14 
750-800 7,988 6.744 1,244 1.0 18 0.3 

1992 

Total test-takers 680 806 321.665 359,141 

200-249 4.181 1,403 2.778 06 04 08 
250-299 20,993 7,188 13,805 3.1 22 38 
300-349 49.044 17,681 31,363 72 5.5 8.7 
350- 399 77.903 29.208 47,795 11.3 9.1 13.3 
400-449 95 104 38,521 56.583 14.0 12.0 15.8 
450-499 107.209 46.931 60,278 15.7 146 16.8 
500-549 111,367 53.118 58.249 16.4 16.5 16.2 
550-599 83,059 43,600 39,459 12.2 13.6 11.0 
600-649 61.710 35.642 26.068 9.1 11.1 73 
650-699 40,740 25.985 14,755 6.0 8.1 41 
700-749 22.153 15.746 6,407 3.3 49 18 
750-800 8.243 6,642 1,601 12 2.1 04 


SAT = Scholastic Aptitude Test 
SOURCES The College Board 


nd Semors: 1987 Protile of SAT and Achievement Test Takers (Princeton Educationa! Testing Service, 1987). and The 


College Boara. College—Bound Seniors ‘992 Profile of SAT and Achievemen: Test Takers (Princeton Educational Testing Service. 1992) 
See figures 1-8 and 1-9 
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Anpendix table 1-20. 
Distribution of scores on the mathematics SAT, by sex—Asian students: 1967 and 1992 
Score range All students Males Females All stuGents Males Fema2'es 
Number Percent 
1987 a 
Total test-takers 58.216 30.220 27.996 
200-249 434 178 256 07 06 09 
250-299 2.005 830 1.175 34 27 42 
300-349 3,512 1.435 2.077 6.0 47 74 
350-399 5.318 2.206 3,112 91 73 11.1 
400-449 6.472 2.948 3,524 11.1 98 12.6 
450-499 7 503 3,554 3,949 129 118 141 
500-549 7,076 3.535 3,541 12.2 11.7 126 
550-599 7,270 3.846 3.424 125 12.7 122 
600-649 6.820 3,802 3,018 11.7 126 108 
650-699 . 5.885 3.649 2.236 10.1 12.1 8.0 
700-749 3.976 2.730 1.246 68 90 45 
750-800 1.945 1,507 438 33 5.0 16 
1992 
Total test-takers 78 387 39.182 39.205 
200-249 609 213 396 0.7 06 08 
250-299 2.280 866 1,414 26 24 27 
300-349 - 383 1,705 2.678 56 44 68 
350-399 6.453 2.641 3.812 82 67 97 
400-449 8.017 3,455 4 562 10.2 88 11.6 
450-499 9.330 4.198 5.132 119 10.7 13.1 
500-549 10.569 5.030 5.539 13.5 128 14.1 
550-599 9.539 4.788 4.751 122 122 12.1 
600-649 8.951 4,827 4.124 114 123 105 
650-699 7,816 4511 3.305 10.0 15 84 
700-749 6.443 4.065 2.378 82 104 6.1 
750-800 3.997 2.883 1,114 51 74 28 


SAT = Scholastic Aptitude Test 


SOURCES The College Board. Colege—Bound Seniors 1987 Profile of SAT and Achievement Test Takers (Princeton Educational Testing Service 1987) and The 
College Board. College—Bound Semors 1992 Protile of SAT and Actnevement Tesi Takers (Princeton Educational Testing Service. 1992) 
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See figures 1 
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Appendix table 1-21. 
Distribution of scores on the mathematics SAT, by sex—black students: 1987 and 1992 


Score range All students Males Females All students Males Females 
Number —_——___—_———- Percent —_——_—— 
1987 

Total test-takers........... 88,037 36,193 51,844 

ED nk hed st ne ae eee bad 3,928 1,471 2,457 45 4.1 4.7 
EE nb eee #4 ce eee ees 15,992 5,796 10,196 18.2 16.0 19.7 
ES i oS. be 4% 4 9-4 9-7 48 18,060 6,766 11,294 20.5 18.7 21.8 
ee 17,242 6,705 10,537 19.6 18.5 20.3 
Tere ee eee 12,626 5,293 7,333 14.3 14.6 14.1 
ST e ee eT 9,098 4,089 5,009 10.3 11.3 9.7 
tb kteensens 004000 5,121 2,520 2,601 5.8 7.9 5.0 
CC eee eee 3,190 1,788 1,402 3.6 49 2.7 
SMS sit chee evadavess 1,684 1,002 682 1.9 28 1.3 
Sere eee 795 525 270 0.9 1.5 0.5 
«sn dueibeed yA i ke 252 195 57 0.3 0.5 0.1 
8s Peers errs 49 43 6 0.1 0.1 0.0 

1992 

Total test-takers........... 99,126 41,649 57,477 43 3.8 46 
NT FST T CT ECCT TT 4,257 1,595 2,662 14.6 13.2 15.6 
ee ee 14,444 5,497 8,947 20.7 19.1 22.0 
STS TTT 20,564 7,946 12,618 19.4 18.7 20.0 
ee 19,273 7,790 11,483 15.3 15.4 15.2 
ES ee ree 15,181 6,418 8,763 11.0 11.7 10.5 
0 Se ee 10,867 4,860 6,007 7.4 8.4 6.7 
ee eer ee 7,379 3,516 3,863 3.8 4.7 3.1 
SST TETTTrTetees 3,757 1,957 1,800 2.0 2.8 1.5 
EE 6.66444 640 4.0000 2,018 1,161 857 1.0 1.5 0.6 
Se ee ea 956 610 346 0.3 0.6 0.2 
Sf Perr reere tre tye 340 231 109 0.1 0.2 0.0 
CT +i~s ¢scteibeibeas 90 68 22 


SAT = Scholastic Aptitude Test 


SOURCES: The College Board, College—Bound Seniors: 1987 Profile of SAT = «0 Achievement Test Takers (Princeton: Educational Testing Service, 1987); and The 
College Board, College—Bound Seniors: 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1992). 


See figures 1-8 and *-9. Science & Engineering Indicators - 1993 
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Appendix table 1-22. 


Distribution of scores on the mathematics SAT, by sex—Hispanic students: 1987 and 1992 
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Appendix A. Appendix Tables 


Score range All students Males Females All students Males Females 
Number Percent 
Latin Americans 

Total test-takers, 1987 ...... 18,895 10,157 9,997 

RN a 422 1,398 283 2.2 13.8 2.8 
I i a ea On 1,903 648 1,255 10.1 6.4 12.6 
se 2,554 919 1,635 13.5 9.0 16.4 
FS EEN ARS rare a 3,014 1,217 1.797 16.0 12.0 18.0 
s+ 4-25 26S Bog oo feel 2,953 1,318 1,635 15.6 13.0 16.4 
RP ae eee oe 2.649 1,341 1,308 14.0 13.2 13.1 
I fo i 6 eh Oe dead ood 1,980 1,095 885 10.5 10.8 8.9 
Rear ee 1,507 594 613 8.0 8.8 6.1 
yer 965 644 321 5.1 6.3 3.2 
ee a cee oe we Bice he 623 442 181 3.3 4.4 1.8 
ED in cr Wig bie healed i bail 257 187 70 1.4 1.8 0.7 
EE se 68 54 14 0.4 0.5 0.1 
Total test-takers,1992 ...... <6,766 12,040 14,726 

ce i eee ea ue e 684 221 463 2.6 1.8 3.1 
Tre 2,311 722 1,589 8.6 6.0 10.5 
PE rere 3.845 1,381 2,464 14.4 11.5 16.7 
6 vgs a0 Kee ee whe 4,401 1,715 2,686 16.4 14.2 ‘8.2 
EE £264 0edeeaeedeed 3,987 1,718 2,269 14.9 14.3 5.4 
OS Perr rrr, reer Te 3,697 1,735 1,962 13.8 14.4, 13.3 
er 3,103 1,597 1,506 11.6 13.3 10.2 
IS 2 « 0 4d h60 O44 OSES 2.050 1,162 888 7.7 9.7 6.0 
ss ert 1,361 858 503 5.1 7.1 3.4 
ee ee 799 529 270 3.0 4.4 1.8 
ee ee 403 300 103 1.5 2.5 0.7 
EE bee ae ed 6 60 0% 62:0 ks 125 102 23 0.5 0.8 0.2 

Mexican—Americans 

Total test-takers,1987 ...... 20,714 9,605 11,109 

Pe es eee 361 123 238 1.7 1.3 2.1 
ae ee 1,916 639 1,277 9.2 6.7 11.5 
ee 3,103 1,145 1,958 15.0 11.9 17.6 
SED 6 042 .4:622.605 e005" 3,783 1,483 2,300 18.3 15.4 20.7 
Pe <2400eseaeenenbaria 3,455 1,544 1.911 16.7 16.1 17.2 
es ee er 3,054 1,530 1,524 14.7 15.9 13.7 
eres se 1,967 1,079 888 9.5 11.2 8.0 
a ee 1,564 953 611 7.6 9.9 5.5 
6 bs edie bana es 890 618 272 43 6.4 2.4 
PP che ekce ee beds ¥ 427 328 99 2.1 3.4 0.9 
DG i a eee bee a aw 2 145 118 27 0.7 1.2 0.2 
eee re 49 45 4 0.2 0.5 0.0 
Total test-iakers,1992 __. 30,336 13,751 16,585 

200-249 ............ a. 606 207 399 2.0 1.5 2.4 
SEED ova dececesceerecess 2,523 815 1,708 8.3 5.9 10.3 
300-349 ........ ee eenee 4.460 1 6AG 2,794 14.7 12.1 16.8 
PE +. 6466en60e 8 ebue w- 5,385 ee 3,228 17.8 15.7 19.5 
400-449 ...... oe en, 5,283 2,246 3,037 17.4 16.3 18.3 
450-499 ................. 4,335 2,093 2.242 14.3 15.2 13.5 
500-549 ... 3,513 1.845 1.668 11.6 13.4 10.1 
550-599 ... ee, 2.063 1,212 851 6.8 8.8 5.1 
600-649 ................. 1,187 761 426 3.9 55 2.6 
650-690 ................., 636 466 170 2.1 3.4 1.0 
700-749 . - eas er 271 215 56 0.9 1.6 0.3 
750-800 ............0..2.. 74 68 6 0.2 0.5 0.0 


(continued) 
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Appendix table 1-22. 
Distribution of scores on the mathematics SAT, by sex—Hispanic students: 1987 and 1992 
(page 2 of 2) 


Score range All students Males Females All students Males Females 
——_ (inher —_—_—_———_- Percent 
Puerto Ricans 

Total test-takers, 1987 ...... 10,304 4,636 5,668 

ERE ERTS Era emerge 412 131 281 40 2.8 5.0 
De eee ale 4g 1,428 475 953 13.9 10.2 16.8 
I ee ak tna gh ek 1,825 706 1,119 17.7 15.2 19.7 
ES dane tee uaa es wid 1,849 774 1,075 17.9 16.7 19.0 
SE eee ee 1,530 683 847 14.8 14.7 14.9 
ee eet 1,335 676 659 13.0 14.6 11.6 
CR Sad. 3 oes ob beaee 782 445 337 7.6 9.6 5.9 
CS Ss 5 cen ae eee eens 575 357 218 5.6 7.7 3.8 
Os olin hs ak eel es 312 203 109 3.0 4.4 1.9 
NS akin sie a Pied wl 188 131 57 1.8 2.8 1.0 
Aiea Chee ee eae 51 40 11 0.5 0.9 0.2 
PCC ed hekbees ah eee 17 15 2 0.2 0.3 0.0 
Total test-takers, 1992 ...._.. 12,091 5,304 6,795 

ee eb 458 163 295 3.8 3.1 43 
4. 6.0009.40424%28%5 1,468 471 997 12.1 8.9 14.7 
ee eee 2,084 763 1,321 17.2 14.4 19.4 
Pt ci(<+4eeevece babs 2,144 879 1,265 17.7 16.6 18.6 
ee 1,816 790 1,026 15.0 14.9 15.1 
ES ee ee ee 1,587 739 848 13.1 13.9 12.5 
Ee i i een he wd 1,170 623 547 9.7 11.7 8.1 
 civéigs as kaeéened-s 637 362 275 5.3 6.8 4.0 
eae 401 261 140 3.3 4.9 2.1 
ee 213 158 55 1.8 3.0 0.8 
rere 86 64 22 0.7 1.2 0.3 
ee ee ee 27 31 4 0.2 0.6 0.1 


SAT = Scholastic Aptitude Test 


SOURCES: The College Board, College—Bound Seniors: 1987 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1987); and The 
College Board, College—Bound Seniors: 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1992). 


See figures 1-8 and 1-9. Science & Engineering indicators - 1993 
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Appendix table 1-23. 
Distribution of scores on the mathematics SAT, by sex—Native American students: 1987 and 1992 
Score range All students Males Females All students Males Females 
—__——_——§Number ——___—_—_—_ —__—_—_—__——-- Percent —_-_——_—_—— 
1987 
Total test-takers ........... 10,107 4,863 5,244 
eae ee 160 63 97 1.6 1.3 1.8 
A eres 881 312 569 8.7 6.4 10.9 
ee 1,345 532 813 13.3 10.9 15.5 
PC. cbhcetuieeunun 1,688 720 968 16.7 14.8 18.5 | 
ERTS er rr 1,690 794 896 16.7 16.3 17.1 
ee 1,559 760 799 15.4 15.6 15.2 
eee ehtndceehws 1,146 615 531 11.3 12.6 10.1 
ne ee 805 497 308 8.0 10.2 5.9 
a re 471 310 161 4.7 6.4 3.1 | 
Aer TT ee ree 241 164 77 2.4 3.4 1.5 
PE i. secenedand «42.04 98 76 22 1.0 1.6 0.4 
CE 6856 Nb60065842009% 23 20 3 0.2 0.4 0.1 
1992 
Total test-takers........... 7,412 3,525 3,887 
EE 654440024006 0R008 140 65 75 1.9 1.8 1.9 
Pere 532 193 339 7.2 5.5 8.7 
DT 60+4006siawedeeas 941 352 589 12.7 10.0 15.2 
eres Ser 1,110 454 656 15.0 12.9 16.9 
 ¢veeeeaceeeaeeans 1,230 560 670 16.6 15.9 17.2a 
DE 6646. 600400080064 1,110 542 568 15.0 15.4 14.6 
PE c+ ebebadeadseeens 1,001 523 478 13.5 14.8 12.3 
Pe cccceeeeeeeteneen 593 344 249 8.0 9.8 6.4 
Cc eceewd bee ened an 390 244 146 5.3 6.9 3.8 
Pt 1+ tcrteueeteakeaes 243 159 84 3.3 4.5 2.2 
PE + ccbeteead cadues 94 68 26 1.3 1.9 0.7 
Pree ee ere 28 21 7 0.4 0.6 0.2 


ST = Sc’iolastic Aptitude Test 


SOURCES: The College Board, College—Bound Seniors: 1987 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1987); and The 
College Board, College—Bound Seniors: 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1992). 


See figures 1-8 and 1-9. Science & Engineering Indicators — 1993 
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Appendix table 1-24. 
Minority student population and new minority and female high school teachers, by state: 1991 


New mathematics teachers 


Minority mntmnsainaalaaaaan ed --_ Ot i 
State students Minority Female Minority Female 
Percent 
ee as ae lh 37 4) 61 4 65 
NRE ERR Sipe ge 39 NA NA NA NA 
EE EN 26 27 50 0 35 
ee so 54 53 45 18 48 
ERE AE a 25 25 47 2 67 
i ee 25 23 67 g 73 
SA Eo oe ah 32 30 60 20 33 
a oh tet a ie la ted eel 38 41 63 20 56 
Ee eee 87 76 56 50 33 
0 are ee ee 0 8 41 0 50 
a ree 34 35 57 4 55 
Fre 14 14 50 2 64 
ere 6 8 47 3 43 
ees Kc tk wevk ew eee 15 14 44 2 43 
I rer 10 10 66 5 61 
Ee ees 0 3 42 NA 57 
0 eee 38 NA NA NA NA 
eee 22 22 55 2 42 
ee 10 10 59 NA 47 
ee re ee 52 48 69 16 56 
ee 0 18 62 4 52 
ST ee ee 11 12 36 0 15 
ae eee 26 26. 42 9 41 
New Jersey............. 35 32 70 11 47 
New Mexico............. 58 58 47 28 31 
hn A dhe Be 34 34 46 NA 61 
Le 34 32 72 12 67 
hd at eh ee 4 NA NA NA NA 
AS 17 16 38 0 40 
ah a hog hae ene 26 28 60 0 50 
Pennsylvania............ 28 17 51 11 40 
Rhode Isiand............ 16 17 38 20 80 
South Carolina........... 42 43 64 2 63 
South Dakota............ 0 13 33 0 23 
, Es ee ore 50 48 55 21 51 
a eres 7 8 50 13 13 
I ee ee 2 3 33 0 67 
Cetera wee eeee ’s 32 NA NA NA NA 
ES 6 aes g RAY 68a 15 NA NA NA NA 
EY 00x44 ahd ewe REM 10 10 27 0 45 
Fe 100 100 56 0 77 


NA = not available 
NOTE: Data are as of October 1991, and reflect reports from 35 States and Puerto Rico. 


SOURCES: R. Blank and D. Grubel, State Indicators of Science and Mathematics Education 1993 (Washington, DC: Council of Chief State School Officers, 1993); and 
National Center for Education Statistics, Schools and Staffing in the United States: A Statistica! Profile. 1990-91 (Washington, DC: Department of Education, 1993) 
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Appendix table 1-25. 
Mathematics and science teachers of grades 9-12 with majors in their ield, by state: 1988 and 1991 


Mathematics teachers with math majors Science teachers with science majors 
State 1988 1991 1988 1991 
Percent 

NS itera ote i Di ek Be te a le 63 61 64 70 
ERE Sa eg ene eee ee Re 69 87 63 63 
Re RS oR ea a Lr ks hla ea he 32 25 55 68 
ie, aL li a ea ee ae SL NA 64 51 69 
hee oe lad De ele ia cine Wii Lae 63 67 54 48 
A as es a a 37 33 54 62 
ee a as 55 49 75 75 
a i a a 57 73 67 85 
i ek ei a ae eee ie eee bad NA NA NA NA 
se a iat ls 3 NA NA NA NA 
I a RR ek a ek ee ee a 60 52 67 67 
ES Cee ee ee eee ee ee eee 76 75 62 77 
A Rea Me eg kw NA NA NA NA 
Se ee eee i eee ake ay ES 60 45 52 63 
KL eA eet Oe ee ee Re Ce ae halk baci 67 63 63 77 
ET See eee eee ee ee Tee ee ee 59 68 65 79 
reer rere Pe Tee Tee eT ee TT Te 64 57 68 72 
Sree ee ee ae yee eee 74 78 44 66 
errr ee ro eT eee ee eT ee 73 77 67 72 
PR + ce cek Keven WY Petes tee aee eee ke 55 55 44 50 
Dit <i. bevidhbs debe hew es ea es ee} ke 49 62 57 73 
sc titea CaSO Ree he been sae ced ee es 90 68 NA 82 
Ee ee ee 61 58 62 84 
Pre eer re! Sree rrr ss ere. Ter 71 60 68 70 
ee ee ae 75 79 82 80 
ee ee ee ee ee ee eee ee eee 77 80 72 71 
ES ere Pe eS oe ee 71 70 76 65 
Pe eo ee ee a re ee 62 72 68 71 
ES ee es ee ee ee ee 67 76 55 72 
ETT Te eT ee eT eee eT Ter Tree ee NA 67 NA NA | 
ee ee ee ee NA NA NA NA 
ETT TET TET CTE LTTE TET TTC e eT 73 75 82 73 
KT TSS Tee ee eee ee Te eee 57 54 54 41 
a ee ea 67 60 69 84 
i che hee kee wes 0s 4 ks CAE EK 60 73 64 84 
ee ee ee eas ese cabna see 65 69 74 63 
ME ekters Sek eae oe 69188 sdes O84 68 71 71 66 
EE ne ee er 52 65 56 58 
TCC CTT TELLER TCRETECETCC TTT Te 42 48 66 78 
ES eee ee ee , 83 82 81 78 
See ee re 064660844 NA NA NA NA 
MPD, gc ccc cece esc eee sceceseseens 68 71 78 64 
CE: «5c 6h b600beeee ey 662000048 65 67 44 57 
Lo 0 6 6366 64419 OE 08 057084008 TS 57 51 44 52 
NN 6 So 60-6.0.6344069040000056 eaeens 60 54 57 56 
a .... e066 4d nes adbeeses Te 40 47 37 66 
Vermont... TRoCTTET TTS Tee ToeETT TTS NA NA NA NA 
Pe eee ee ee eee ee ee 71 62 77 69 
Washington........... . beeees 43 43 43 64 
West Virginia.......... TETTCCr TTT eT 74 74 58 70 
Wisconsin ...... - eer Tre 76 75 77 74 | 
Wyoming weTey errr . veeer 55 73 49 77 


NA = not available 


SOURCE: R. Blank and D. Gruebel, State indicators of Science and Mathematics Education 1993 (Washington. DC: 1993). and R Blank and M Dalkilic. State 
Indicators of Science and Mathematics Education 1990 (Washington. DC: Council of Chief State Schoo! Officers. 1990) 
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Appendix table 1-26. 
Teachers whose main or secondary assignment is mathematics or science, by age, sex, and race/ethnicity: 1987-88 


Age | Sex Race ethnicity 
Teacher level! and field 20-29 30—49 50 & over N Male Female N Black White Other N 
Percent Percent Percent 

Elementary school 13.7 (2.0) 65.7 (2.1) 206 (1.7) 726 23.8 (18) 762 (18) 730 94 (13) 852 (1.5) 53. (1.1) 714 
Math specialist 13.3 (27) 649 (24) 218 (2.4) 464 182 (1.9) 818 (1.9) 466 108 (18) 83.0 (2.0) 62 (1.6) 457 
Science specialis! 143 (22) 673 (3.5) 184 (25) 262 34.2 (3.7) 658 (3.7) 264 69 (18) 895 (21) 36 (1.4) 257 

Secondary schoo! 16.1 (04) 673 (0.4) 166 (0.4) 6.715 541 (08) 459 (0.8) 6.771 62 (04) 898 (04) 36 (0.3) 6.617 
Math 16.3 (06) 67.7 (0.8) 16.1 (0.6) 3.659 498 (1.1) 502 (1.1) 3,690 68 (06) 888 (07) 41 (0.4) 3.613 
Biology 14.7 (14) 689 (1.9) 163. (1.3) 1.052 578 (1.7) 422 (1.7) 1.060 38 (07) 923 (1.0) 39 (0.7) 1,035 
Chemistry/physics 125 (1.3) 649 (24) 226 (2.2) 577 68.3 (1.9) 31.7 (1.9) 582 2.7 (0.7) 93.1 (1.1) 42 (0.9) 564 
Earth science 20.7 (23) 68.1 (2.2) 11.6 (2.1) 395 60.1 (29) 399 (2.9) 397 90 (20) 872 (21) 38 = (1.1) 389 
General/other science 169 (14) 655 (1.8) 17.7 (1.3) 1,032 548 (1.7) 452 (1.7) 1,042 69 (10) 899 (12) 32 #£(06) 1.016 


NOTES. Standard errors are shown in parentheses. Sample sizes are unweighted 
SOURCES. Nationa! Center for Education Statistics. Schools and Staffing in the United States A Statistical Profile. 1990-91 (Washington. DC: Department of Education. 1993) 
See figure 1-11 Science & Engineering Indicators — 1993 
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Appendix table 1-27. 
Secondary school teachers whose main or secondary assignment is mathematics or science, by bachelors degree field: 1987-88 


Bachelors degree field 
Earth Other physical Elementary Secondary Math Science 
Teaching field Mathematics Science Biology Chemistry science Physics sciences education education education education Other N 
Percent 

Elementary school 

All fields 0.3 1.0 NA NA NA NA NA 70.0 0.8 0.1 0.3 27.5 15,434 
Mathematics specialist 2.6 2.0 NA NA NA NA NA 62.6 1.8 1.5 0.5 28.9 453 
Science specialist NA 10.5 NA NA NA NA NA 55.6 0.8 NA 2.5 29.4 255 

Secondary school 

All fields 18.3 NA 17.1 45 1.7 1.4 2.1 10.4 3.8 9.1 3.9 27.8 6.610 
Math 36.3 NA 1.9 1.4 0.4 1.1 1.7 12.3 3.6 17.8 0.7 22 8 3,169 
Biology 0.0 NA 60.4 1.1 0.5 0.0 15 3.8 29 0.4 7.6 21.9 966 
Chemistry/physics 2.6 NA 23.1 31.4 0.8 7.4 5.3 0.5 5.1 0.8 9.0 13.9 535 
Earth science 0.7 NA 21.3 23 16.5 1.4 1.7 148 55 NA 58 29.8 339 
General/other science 0.8 NA 28.7 7.1 2.9 1.2 3.3 11.7 44 2.6 9.2 30.1 872 


NA = not available 
NOTES: Standard errors are shown in parenthesec 
SOURCE: Nationa! Center for Education Statisics. Schools and Staffing Survey in the United States: A Statistical Profile. 1990-91 (Washington, DC: Department of Education, 1993). 
Science & Engineering Indicators — 1993 
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Appendix table 2-1. 

Participation rate of 22-year-olds in first university degree in the natural sciences and engineering, by region/country: 

Most current year 

All Degree fields 22-year-olds 
first univ. Natural Social Total With first With NS&E 
Region/Country degrees sciences sciences Engineering’ number univ. degrees degrees* 
Percent 
Asia 

eee ae 1,673,901 252,767 95,071 261,410 44,043,600 3.8 1.2 
ee ree rere 308,930 49,834 25,305 112,814 25,428,000 12 0.6 
a eee ees 750,000 146,774 NA 29,000 15,545,800 48 1.1 
PE tnbe eee cabakus 400,103 25,153 56,264 81,355 1,787,400 22.4 6.0 
ES re 6,000 1,278 117 1,220 52,400 11.5 48 
Us « ccccesceveces 165,916 23,195 10,211 28,071 859,000 19.3 6.0 
A rr e 42,952 6,533 3,174 8,950 371,000 11.6 42 

Europe 

A 813,752 124,192 101,671 135,090 7,423,880 11.1 3.5 

European Community ........ 604.551 99,306 89,987 95,594 5,548,880 11.1 3.5 
ee 17,666 2,012 4,060 1,911 148,260 11.9 27 
ee 13,934 573 674 2,764 78,900 17.7 42 
Ghee bib b bee 6* .. 77,904 14,320 6,991 16,080 849 480 9.2 3.6 
Pitts idseuweawé . 137,376 26,321 33,935 38,288 1,361,120 10.9 5.1 
ee 28,264 4,187 2,965 2,447 154,560 18.3 43 
Diets shuwen 600uae’ 8,429 1,495 491 1,156 65,880 12.8 40 
— PFPPPTTT TTT TTT TT ee 89,481 14,249 17,127 11,740 945,180 95 28 
The Netherlands........... 20,382 2,775 4,973 2,761 247,020 8.3 22 
eee 12,053 1,203 1,129 2,064 169,840 7.1 19 
eee a ens «i ened 121,899 13,302 5,519 6,644 655,640 18.6 3.0 
United Kingdom .......... 77,163 18,869 12,123 9,739 873,000 8.9 3.2 

European Free Trade Assoc.... 69.015 6,779 3,831 9,055 466,400 14.7 3.4 
DT iceedenrese cu ekn 457 1,510 683 989 116,840 8.7 2.1 
ee 14,325 1,818 744 2,939 68,760 20.8 6.9 
6+ sb ibs 806 66 6k 18,486 495 496 1,891 67,060 276 3.6 
0 eer 17,062 1,491 1,200 2,547 117,580 14.5 3.4 
Ee ee 8,685 1,465 708 689 96,1 9.0 2.2 

Central Europe ............. 140,186 18,107 7,853 30,441 1,408,600 10.0 3.5 
eee 3,353 963 249 546 61,480 5.5 25 
DtGtcheneee oe boees 21,817 1,972 574 5,813 121,160 18.0 64 
Czechoslovakia ........... 24,906 3,072 136 9,409 214,560 11.6 5.8 
Di ieéhewenevesevas 12,468 1,046 555 1,323 141,400 8.8 1.7 
DMebiesudeus Ceduwee 50,058 7,024 2,081 7,391 500,000 10.0 29 
ee 27,584 4,030 258 5,959 370,000 75 2.7 

North America ee 

SC Ccteriidge via teneed 1,356,618 128,483 201,210 118,704 5,541,600 24.5 45 
Sere re eT 130,164 13,420 23,120 7,739 391,800 33.2 54 
Se ee 118,457 9,680 7,985 30,484 1,565,800 76 26 
Ls 60466 6d aes 1,107,997 105,383 170,105 80,481 3,584,000 30.9 5.2 


NA = not available: NS&E = natural sciences and engineering 


NOTES Data are compiled from numerous national and international sources and may not be strictly comparable. For Asian countries, detailed national education 
Statistics were reconfigured to the international Standard Classification of Education and Classification of Instructional Programs. For Europe, detailed national 
education data were available for Austria, France. Germany, Switzerland, and the United Kingdom. these data were standardized. Data for Austria, Finiand, Greece. 

Sweden, the United Kingdom, and the United States are for 1991. Data for Albania, the former Czechoslovakia, and Portugal are for 1989, Belgium data are for 1988 
All other couniry data are for 1990. Degrees in different countries may not be academically equivalent 


‘Includes degrees in engineering technology 


*Social science degrees are not inciuded in this proportion 


‘Japanese social sciences data are adjusted to delete business administration 


SOURCES. National sources 
See figure 2-1 and text table 2-1 
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Appendix table 2-2. 
Ratio of science and engineering degrees to total first university degrees, 
by region/country: Most current year 


Region country Total S&E Natural sciences Social sciences Engineering’ 
Percent 
Asia 
China 61 16 8 37 
india 24 20 NA 4 
Japan’ 40 6 14 20 
Singapore . a 21 2 20 
South Korea 37 14 6 17 
Taiwan 43 15 7 21 
Europe 

European Community 
Beigium 45 11 23 11 
Denmark 29 4 5 20 
France 48 18 9 21 
Germany 72 19 25 28 
Greece 34 15 10 a 
ireland 36 18 6 12 
Italy 48 16 19 13 
The Netherlands 52 14 24 14 
Portugal 36 10 9 17 
Spain . - 21 11 5 5 
United Kingdom 51 24 15 12 

European Free Trade Assoc 
Austria +4 30 14 7 9 
Finland 39 13 5 21 
Norway. 16 3 3 10 
Sweden 31 9 7 15 
Switzerland........ 33 17 8 8 

Central Europe 
Albania. . a 52 29 7 16 
Bulgaria... iw OB 9 3 27 
Czechosiovakia...... 51 12 1 38 
Hungary . & 8 4 11 
Poland... ota ae 14 4 15 
Yugoslavia . . 52 i5 15 22 

North America 
Canada 34 10 18 6 
Mexico 41 8 7 26 
United States 32 10 15 7 


NA = not available. S&E = science and engineering 

includes Gegrees in engineering technology 

Japanese social sciences data are adjusted to delete business administration 
SOURCE Computed from data in appendix table 2-1 


See figure 2-2 Science & Engineering indicators - 1993 
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Appendix table 2-3 
Participation rate of 22-year-oids in first university degrees in the natural sciences and engineering, by sex and country: 
Most current year 


Al Degree fields 22-year-olds 
first univ Naturai Social Total With first uni. With NS&E 
Country Gegrees sciences sciences Engineering number cegree degree 
Percent 
Males : 
France 48.724 9442 3.514 13,080 437.000 11.2 52 
Germany 88.908 19.098 19.387 36,136 654.000 136 85 
Japan 290.253 20.221 138.708 78.705 915.800 31.7 10.8 
Poland 23,015 3.518 788 46.37 252.800 91 3.9 
South Korea 104.627 15.953 7.579 26.763 447 600 23.4 95 
Sweden 7.203 896 262 2.018 60.800 118 48 
Taiwan 23,556 4.723 1.167 6.110 190.800 124 6.7 
United Kingdom 44 239 12,158 6.013 8.572 451 800 98 46 
United States 508.952 61.906 74.990 68.851 1.769.400 288 74 
_ _— omen "~~ Stace eaeeemaameaemmmmenae —o 
France 29,180 4878 3,477 3,000 419.600 70 19 
Germany 48 468 7.223 14.546 2.152 617,600 78 15 
Japan 109.750 4.932 18.519 2.650 871.600 126 09 
Poland 27,043 3,506 1.293 1,018 240.800 11.2 19 
South Korea 61.289 7.242 2.632 1,308 411,400 149 2.1 
Sweden 9.859 595 938 529 58.000 17.0 19 
Taiwan 19.396 1.810 2.007 840 180.200 10.8 15 
United Kingdom 35.389 6.711 6.110 1.166 430.400 8.2 18 
United States 566.284 42.680 87.359 9.973 1,856,000 30.5 14 


NS&E ~ natural sciences and engineering 

NOTE Data tor Sweden. the United Kingdom. and the United States are for 1991. all others are tor 1990 
includes engineering technology 

Japanese sociai scrences data are adjusted to delete business administration 


SOURCES For France. Department des Statrstiques sur | Enseignement Superneur. Direction de | Evaluation et de la Prospective. Ministere de | Education Nationale 
for Germany. Profungen an Hochschulen. Statistisches Bundesamt. Wiesbaden for Japan. the Monbusho Survey of Education. 1990. tor Poland. Office of 
international Relations Polish Academy of Scrences. for South Korea. Educationa! Yearbook 1996. tor Sweden. SCB Statistics Sweden. tor Taiwan. Educationa 
Statistics of the Republic of China. 1990. tor the United Kingdom. Universities Statrstrcal Record. and tor the United States Scence Resources Studies Division 
National Science Foundation Science and Engineering Degrees 1960-90. NSF 92-326 (Washington. DC NSF. 1992 


See text table 2-2 Science & Engineering indicators - 1993 


Appendix table 2—4. nD 

Enrollment in higher education, ly institution type: 1967-91 rs 

e 

Doctorate-- Doctorate- Compre- Compre- Liberal Liberal 
Total Research | Research Il granting | granting Il hensive | hensive Il arts | arts Il Two-year Specialized Other 

ee 6,963,687 1,262.675 464,497 520,380 375,788 1.795,160 225,752 175,157 325,988 1,444,588 179,185 204,517 
1968 ...... 7,571,636 1,794,601 516,285 534,619 397,702 1,980,276 239,268 180,963 328,796 1,725,582 187,641 185,903 
sa 8,066,233 1,355,621 532,781 572,510 425,227 2,113,939 248,968 185,706 329,399 1,932,362 193,239 175,481 
ee 8.649,368  1,453.796 552,133 612,737 442,678 2,273,712 257,231 190,269 333.270 2,203,141 206,629 123,772 
. [le 9,025,031 1,415,598 564,082 623,143 448,509 2,391,486 264,495 195,872 331,700 2,457,511 216,231 116,404 
9,297,787 1,458,881 570,356 627,054 451,940 2,427,957 263,178 200,314 324,612 2,638,807 223,235 111,453 
ae 9.694.247 1,456,187 583,779 631,136 456,404 2,507,079 263,456 202,915 318,000 2,905,469 248,215 121,657 
rere 10,327,539 1,503,529 601,667 652,481 471,971 2,606,368 269,854 204,617 323,817 3,307,820 268,886 110,529 
ae 11,20.719 1,574,919 636,529 674,637 497,117 2,781,647 289,831 206,391 336,805 3,879,406 301,870 111,567 
11,421,476 1,552,599 617,018 674,266 486,717 2,732,182 296,238 206,394 340,071 3,799,530 307,901 108,510 
PRP 11,418,631 1,533,365 623,592 673,342 506,890 2,815,805 305,743 207,284 350,117 3,966,574 322,567 113,352 
ire *1,393,015 1,521,805 622,120 671,316 510,408 2,807,353 307,761 215,219 350,435 3,953,662 333,173 99,763 
ee 11,707,126 1,554,573 633,618 681,834 526,387 2,829,076 311,631 214,189 358,104 4,149,845 349,149 98,720 
1980... .. 12,234,644 1,590,098 647,720 697,619 540,960 2,919,859 322,911 222,693 367,716 4,472,663 372,887 79,518 
1981 .. ... 12,517,753 1,608,205 645,993 697,499 548,482 2,968,280 326,076 217,914 370,463 4,671,286 387,625 75,930 
1982 ..... . 12,588,520 1,579,207 640,755 695,663 546,829 2,981,208 327,040 212,855 367,047 4,723,213 404,741 109,962 
1983 ...... 12,633,930 1,601,970 39,000 704,218 545,833 3,011,230 335,724 215,074 374,035 4,694,133 417,203 95,510 
1984 ...... 12,400,392 1,600,206 632,897 697,964 544,083 2,995,433 334,122 214,286 372,363 4,500,102 420,108 88,828 
ee 12,411,945 1,605,569 633,637 696,596 540,983 3,009,974 334,280 214,147 373,348 4,485,270 417,602 100,539 
12,670,121 1,628,039 644,079 710,670 540,775 3,038,112 339,250 216,507 383,338 4,584,291 409,971 175,089 
Fe 12,925,116 1,647,806 656,483 725,092 548,909 3,082,034 351,226 220,246 396,062 4,762,630 402,511 132,117 
ee 13,205,540 1,658,852 674,466 744,891 553,767 3,146,337 365,425 224,275 419,909 4,863,479 415,471 138,668 
13,621,203 1,669,460 687,091 768,958 564,083 3,249,777 378,557 222,326 437,373 5,085,564 411,049 146,965 
rer 13,871,725 1,701,437 689,541 783,397 573,017 3,306,032 386,791 223,554 454,560 5,151,370 427,493 174,533 
a? ...... 14,527,881 1,712,773 693,238 796,816 577,285 3,389,319 403,888 224,567 467,908 5,591,000 439,061 232,026 


SOURCES: National Center for Education Statistics, U.S. Department of Education, Enroliment Survey, 1991; and Science Resources Studies Division, National Science Foundation, unpublished tabulations. 


See figures 2-3 and 2-4. Science & Engineering Indicators — 1993 
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Appendix table 2-5. 
Number of science and engineering degrees, by degree level and institution type: 1991 


Total Math & Social & 
Total science & Natural computer behavioral Engineering 
Institution type degrees engineering sciences sciences sciences Engineering technology’ 
Bachelors degrees 
A ee 1,107,997 337,675 65,189 40,194 170,105 62,187 18,294 
ee ee ee 222,635 98,918 19,760 7,361 46,410 25,387 1,241 
err Tee 93,279 33,190 5,991 2,526 17,149 7,524 1,186 
Doctorate-granting!.......... 95,749 27,384 4,795 2,940 14,579 5,070 1,400 
Doctorate-granting ll ......... 69,735 21,987 4,024 2,639 9,416 5,908 1,136 
Comprehensive!............ 406,621 100,524 18,323 16,310 51,988 13,903 8,251 
Comprehensive ll ........... 52,356 11,671 2,725 2,172 6,353 421 389 
ch ee ine eee wk oH 46,694 22,220 5,179 1,566 15,014 461 27 
0 66,403 14,011 3,305 2,417 8,020 269 324 
SS ire Die tnd 49 0:0 3,493 515 78 115 152 170 469 
ee 42.629 4,866 687 1,781 257 2,141 3,593 
RP 4.766 2,299 322 292 767 918 50 
re 3,637 90 0 75 0 15 228 
Masters degrees 
SS Te ee ree Te 338,498 78,368 12,682 12,956 28,717 24,013 1,188 
Cn hele be she kbae xs 91,729 29,464 5,511 3,795 8,535 11,623 139 
Se 29,589 9,109 1,646 1,265 2,980 3,218 109 
Doctorate-granting!.......... 36,141 7,642 1,222 1,365 3,197 1,858 104 
Doctorate-granting ll ......... 26,469 7,037 1,189 1,284 2,163 2,401 107 
Comprehensive!............ 109,166 18,358 2,471 4,110 8,389 3,388 555 
Comprehensive ll ........... 11,980 1,452 67 249 1,091 45 27 
 < inh. 0466 64 a:¥a 3,751 833 86 53 651 43 0 
ee 7,452 791 40 23 718 10 0 
Tre rerrrey 7 0 0 0 0 0 0 
SS SP Te eee 17,962 2,182 380 720 184 898 94 
PTT T STE ETeEre 3,755 1,476 70 86 791 529 53 
ED + 6b c 6 hed eee eee 497 24 0 6 18 0 0 
Doctoral degrees 
PTT Cee eT Tee ee 37,451 23,979 10,152 1,837 6,778 5,212 0 
ee 22,735 15,632 6,837 1,292 3,754 3,749 0 
ee 5,714 3,423 1,477 260 1,047 639 0 
Doctorate-granting!.......... 4,866 2,387 796 167 1,074 350 0 
Doctorate-granting Il ......... 2,028 1,270 489 78 364 339 0 
Comprehensive!l............ 678 348 143 29 95 81 0 
Comprehensive ll ........... 22 15 0 0 0 15 0 
Fe ee 88 33 9 4 20 0 0 
eee 7 0 0 0 0 0 0 
ls + ¢346-4-«44 6046048 875 486 392 1 66 27 0 
 MPPPTT TVET TT TTT Te 377 370 9 6 343 12 0 
ee 61 15 0 0 15 0 0 


‘Engineering technolo, is not included under “Total science & engineering.” 


SOURCES: Nationa! Center for Education Statistics, U.S. Department of Education, Completion Survey, 1991; and Science Resources Studies Division, National 


Science Foundation, unpublished tabulations. 
See figures 2-5 and 2-6 and text table 2-3 
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Appendix table 2-6. 
Number of institutions awarding science and engineering degrees, by degree level and institution type: 1991 
Total Social & Math & 
Total science & behavioral Natural computer Engineering 
Institution type degrees engineering sciences sciences sciences Engineering technology’ 
Bachelors degrees 
DU <ieeavaetadeeaennen 1,814 1,448 1,332 1,256 1,279 388 331 
| a 69 67 67 67 67 62 12 
ee 34 34 34 34 34 28 11 
Doctorate-granting!.......... 48 46 46 44 45 30 18 
Doctorate-granting ll ......... 58 56 51 55 53 34 18 
Comprehensivel............ 424 419 411 401 412 131 167 
Comprehensive ll ........... 168 167 163 158 158 23 29 
ee 141 138 138 133 127 16 3 
ER, ¢ + ¢¢ee ¢alee teks 413 389 373 332 316 32 30 
REARS Cee eae 53 20 10 5 10 1 10 
ET ee 335 94 29 22 50 22 27 
0 RS rer eee 20 15 10 5 6 7 2 
ED a5 666-004 948-45 51 3 0 0 1 2 4 
Masters degrees 
MCthebeekvesbssdecnses 1,265 738 598 480 432 255 65 
FT eer 69 68 68 68 67 63 6 
SNE ove aneeeesseces 34 34 34 34 33 29 6 
Doctorate-granting!.......... 49 48 48 45 46 27 9 
Doctorate-granting ll ......... 58 57 48 54 48 30 6 
Comprehensive!............ 384 318 271 202 190 76 31 
Comprehensive ll ........... 123 50 37 12 16 5 1 
ee 54 30 21 17 9 2 0 
ee 156 42 37 8 3 1 0 
TEPER TET TET 2 0 0 0 0 0 0 
ee ee 279 69 17 36 15 17 5 
Pere rer Tr ere 32 20 16 4 4 5 1 
eee 25 2 1 0 1 0 0 
Doctoral degrees 
PPT Tree TT Tree 355 299 221 257 156 167 0 
CE ++ es een eeeeeenes 71 71 69 71 67 65 0 
PTT Terre 34 34 34 34 31 27 0 
Doctorate-granting!.......... 49 48 47 45 30 26 0 
Doctorate-granting ll ......... 57 53 39 44 19 28 0 
Comprehensive!............ 60 36 11 27 4 12 0 
Comprehensive ll ........... 3 1 0 0 0 1 0 
DS St eeeeededicnes 6 4 3 2 1 0 0 
I. 64 6460408000088 2 0 0 0 0 0 0 
ee ee 59 38 7 32 1 5 0 
rT A4409900006000090004 13 13 10 2 3 3 0 
. ,. . Sarre 1 1 1 0 0 0 0 


‘Engineering technology is not included under “Total science & engineering.” 


SOURCES: National Center for Education Statistics, U.S. Department of Education, Completion Survey, 1991; and Science Resources Studies Division, National 
Science Foundation, unpublished tabulations. 


See text table 2-3. Science & Engineering Indicators - 1993 


Science & Engineering Indicators — 1993 


Appendix table 2-7. 
Proportion of undergraduate instruction provided by various faculty members, by field and 
institution type: 1990 


All Research Doctorate— Comprehensive Liberal 
institutions 1& ll granting | & II 1& Nl arts | & Il 
Percent 
Geology 
Full-time faculty... ... 79 66 71 81 92 
Part-time faculty ..... 9 4 13 5 
Teaching assistant... . 12 30 21 5 2 
Other faculty........ 0 0 1 0 0 
Physics 
Full-time faculty... ... 85 59 68 89 90 
Part-time faculty ..... 7 4 7 8 6 
Teaching assistant... . 8 36 25 3 3 
Other faculty........ 0 0 0 0 1 
Sociology 
Full-time faculty... ... 82 68 78 83 85 
Part-time faculty ..... 15 11 15 17 14 
Teaching assistant. . . . 2 20 6 0 0 
Other faculty........ 1 1 0 0 0 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation. Survey on Undergraduate Education in 
Geology (Washington. DC: NSF. 1992): SRS. Survey on Undergraduate Education in Physics (Washington. DC: NSF, 1992) 
and SRS. Survey on Undergraduate Education in Scciology (Washington. DC: NSF. 1992) 


See figure 2—7 and text table 2-4. 
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Appendix table 2-8. 
Total undergraduate enrollments, by race/ethnicity/citizenship and sex: 1976-91 
Race, ethnicity, and citizenship 1976 1980 1982 1984 1986 1988 1990 1991 
Thousands 
: All students 
A or or eae 9.419 10.469 10,789 10.611 10.798 11.304 11,959 12.439 
aie beet aaa MeN RRS 7.741 8,481 8.676 8.484 8,558 8.907 9.273 9,508 
een eee ore ee 169 249 308 343 393 437 501 559 
a Sah rs le Ba a ak 943 1,019 1.020 995 996 1.039 1,147 1.229 
ee Sa ee ye i353 433 480 495 563 631 725 804 
Native American......... eet 76 84 88 84 90 93 95 106 
EL co dhs & thse Wane 6 143 210 223 216 205 205 219 234 
Men 
ee gree A eee 4.897 4,997 5,140 5.002 5,018 5,134 5.339 5,571 
RS ee eee Didi 4.052 4.055 4.134 4,005 3,978 4.054 4.166 4.273 
As chr saa h Mek ie ane % 91 129 163 182 207 224 247 281 
eae ee ee tie igi 431 428 425 405 403 408 463 478 
I tii baa eid ig eG alin 192 211 232 234 264 287 318 361 
Native American.............. 35 35 37 35 37 36 40 44 
POM GOO . ww wees, 96 140 149 142 130 124 129 133 
Women 
TCP rr er? cree 4,522 5.472 5,649 5.608 5,781 6,170 6,524 6,868 
Freee rrr ere re ee 3,688 4.426 4,542 4.479 4.580 4,853 5,066 5,235 
Se ee ee eee ee 78 120 145 161 186 212 238 277 
 Ererer? fre Teer 513 591 595 590 594 631 684 751 
SP ees re 161 222 248 261 299 344 384 443 
Native American.............. 35 43 45 43 47 50 55 62 
ED is 5 6-05 561406080 47 70 74 74 74 81 97 101 


SOURCES: National Center for Education Statistics (NCES). U.S. Department of Education, Digest of Education Statistics, NCES 92-097 (Washington, DC: 
Government Printing Office. 1992): NCES. Trends in Racial/Ethnic Enroliment in Higher Education: Fall 1982 Through Fall 1991. NCES 93-448 (Washington. DC 


GPO, 1993): and NCES. unpublished tabulations 
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Appendix table 2-9. 
Undergraduate enrollment in engineering and engineering technology programs: 1979-92 


Enrollment 1979 1980 1981 1982 1983 1934 1985 1986 1987 1988 1989 1990 1991 1992 
Engineering programs 
NE Cie hae kok a hk 366,299 397,344 420,402 435,330 441,205 429499 420864 407,657 392,198 385,412 378,277 380,287 379,977 382,525 
Re 340,488 365,117 387,577 403,390 406,144 394635 384,191 369,520 356998 346,169 338,529 338,042 339,397 344,126 
| 103,724 110,149 115,280 115,303 109,638 105,249 103,225 99,238 95,453 98,009 95,420 94,346 93,002 93,427 
is aks oan 78,594 84,982 87,519 89,785 89,515 83,946 79,627 76,195 73,317 71,030 71,267 72,204 71,257 71,644 
hae a i 74,928 80,024 86,633 90,541 91,233 89,509 84,875 80,386 77,085 73,761 70,483 72,666 73,516 74,871 
NN th a a nias oon dale 4% 77,823 84,442 92,414 102,055 109,036 109,695 110305 107,773 104,003 97,614 94,465 92,989 94.683 98,235 
re 5,419 5,520 5,731 5,706 6,722 6,236 6,159 5,928 7,140 5,755 6,894 6,637 6,939 5,949 
Total parttime............ 25,811 32,227 32,825 31,940 35,061 34,864 36,673 38,137 35,200 39,243 39,748 41,445 40,580 38,399 
Total number of schools... . . 286 287 286 286 292 289 297 311 316 320 323 328 336 337 
ABET-accredited schools' .. . 239 246 250 249 258 258 264 270 277 281 284 289 303 309 
Engineering technology programs 
0 es ee NA NA 191,152 176,133 163,226 157,897 123,571 137,390 128,501 131,704 127,687 123,217 127,135 124,736 
Total fulltime ............ NA NA 134,444 120,342 112,745 111,446 83,038 90,536 80,600 79,624 76,179 72,390 75,340 73,245 
er NA NA 65,893 59,339 53,032 46,806 34,389 39,177 32,685 33,477 32,225 30,178 31,302 30,543 
Second year........... NA NA 40,774 36,807 33,799 31,716 23,293 25,612 22,906 21,852 21,627 20,586 20,815 21,081 
Full-time associates...... NA NA 872 797 925 1,165 466 657 1,404 1,760 1,810 1,603 2,221 2,336 
BA of engineering tech 
third and later years... .. NA NA 26,905 23,399 24,989 31,759 24,890 25,090 23,605 22,535 20,517 20,023 21,002 19,285 
Total parttime............ NA NA 56,708 55,791 50,481 46,451 40,533 46,854 47,901 52,080 51,508 50,827 51,795 51,491 
Number of schools......... NA NA NA NA NA NA 200 257 291 310 286 303 302 298 


NA = not available 
‘Schools with at least one curriculum accredited by the Accreditation Board of Engineering and Technology (ABET). 
SOURCE: Engineering Manpower Commission, American Association of Engineering Societies, Engineering and Technology Enroliments, Fall 1991, Parts | and Ii (Washington, DC: 1992). 
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Appendix table 2-10. 


Undergraduate enroliment in engineering, by sex and race/ethnicity: 1979-92 


Sex and race/ethnicity 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Number of students 

I EO ae aR 366.299 397,344 420402 435,330 441,205 429499 420864 407.657 392.198 385412 378.277 380,287 379.977 382,525 

Sex 

I ee ai 321.868 345482 361.133 368,750 372374 362,800 354612 344999 331,917 325024 318,067 309.744 313.961 313,697 

ee ack 44,431 51,862 59,269 66,580 68,831 66,699 66,252 62,658 60,281 60,388 60,210 60,781 63,258 66.065 

Race/ethnicity 

Ma eI rere 302,566 326.913 343,649 356,750 354329 340374 323.899 315861 296.749 288.415 281,948 288.732 271,906 270,942 

ins iia aie 12,243 12,772 15,815 17,570 23,007 25,449 28,767 30,201 32,795 34,051 33,360 30,898 37,803 38,480 

Underrepresented minorities. . 28,729 31,531 34,353 35,960 37,432 37,557 39,657 37,240 38,640 40,389 41,338 41,169 48.692 51,517 
a rere 15,842 17,606 18,911 19,400 19,698 19,204 19.819 18,459 19,142 20,405 21,013 20,833 24,563 25,722 
ee 12,068 12,905 14,359 15,320 16,462 17,075 18,598 17,586 18,253 18,700 19.007 18,873 22,441 23,863 
Native American ........ 819 1,020 1,083 1,240 1,272 1,278 1,240 1,195 1,245 1,284 1,318 1,463 1,688 1,932 

Foreign citizen............ 22,761 26,128 26,585 25,050 26,437 26,119 28,541 24,355 24,014 22,557 21,631 19.488 21,576 21,586 

Percentage of students 

Sex 

Ne el a 87.9 86.9 85.9 84.7 84.4 84.5 84.3 84.6 846 84.3 84.1 81.5 82.6 82.0 

Ee ee 12.1 13.1 14.1 15.3 15.6 15.5 15.7 15.4 15.4 15.7 15.9 16.0 16.6 17.3 

Race/ethnicity 

FE ere 82.6 82.3 81.7 81.9 80.3 79.2 77.0 775 75.7 748 745 75.9 71.6 70.8 

en are 3.3 3.2 3.8 4.0 5.2 5.9 68 7.4 8.4 8.8 8.8 8.1 a4 10.1 

Underrepresented minorities. . 7.8 7.9 8.2 8.3 8.5 8.7 94 9.1 9.9 10.5 10.9 10.8 12.8 13.5 
ere re 43 44 45 45 45 45 47 45 49 5.3 5.6 55 6.5 6.7 
eT ee 3.3 3.2 3.4 3.5 3.7 4.0 44 43 47 49 5.0 5.0 5.9 6.2 
Native American ........ 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 

Foreign citizen............ 6.2 6.6 6.3 5.8 6.0 6.1 6.8 6.0 6.1 5.9 5.7 5.1 5.7 5.6 


SOURCE: Engineering Manpower Commission, American Association of Engineering Societies, Engineering and Technology Enroliments, Fall 1991, Parts | and Il (Washington, DC: 1992). 
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Appendix table 2-11. 


Freshman c.®2ice of major in broad science and engineering fields, by race/ethnicity and sex: 1972-92 


(page 1 of 3) 
Sex and field 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Percent 
White students 

All students 

a tiis »:9 40:4 294 338 33.1 326 323 289 303 294 303 26 313 310 312 300 288 272 280 281 283 296 305 
Natural science... . . . 83 123 120 119 118 91 87 75 7.1 6.9 6.7 7.0 6.7 62 60 61 £466 61 68 73 £82 
Math/comp. science — -_- fe ae ee oe 13 Og 1.0 0.9 1.0 11 1.4 14 12 #10 O89 09 o98 O08 08 
Social science... .... 85 82 75 66 62 58 57 59 55 5.1 46 48 58 57 60 64 67 65 70 64 74 
Engineering ........ 63 60 76 87 87 95 103 106 115 107 1417 «114 #=113 #110 100 88 87 92 88 103 96 

Male 

ee 356 416 405 408 400 361 380 363 383 381 402 404 389 373 355 339 338 359 355 357 364 
Natural science... . . . 110 164 151 149 144 107 108 #87 8.2 8.4 7.2 8.4 78 am 8 me 76 79 79 90 
Math/comp. science = ef 8 ww 68 <8 14 09 0.9 0.9 1.0 11 1.1 11 14 #12 #09 10 O07 O8 089 
Social science....... 5.7 52 48 £41 39 34 26 3.2 2.9 3.2 2.7 29 3.6 33 28 36 34 34 44 34 44 
Engineering ........ 118 110 137 152 151 167 182 188 203 188 202 195 196 192 175 160 158 172 161 179 169 

Female 

ee 22.7 249 247 245 241 217 230 228 227 +219 +20 227 230 232 223 218 232 219 232 242 252 
Natural science...... 55 82 87 87 92 74 67 £464 6.0 55 6.2 58 5.7 54 50 53 £56 48 59 69 74 
Math/comp. science 28 20 16 17 #13 «120 12 08 1.0 0.9 1.0 1.1 1.7 16 09 O8 08 08 10 O08 08 
Social science....... 11.7 113 104 92 85 84 86 85 78 6.9 6.4 6.6 7.9 79 90 90 97 91 93 92 102 
Engineering ........ 04 08 11 #17 #22 20 26 28 3.4 3.2 3.5 3.4 3.5 33 30 24 23 25 24 34 320 

Asian students 

All students 

Total S&E........... 416 486 497 503 496 419 456 486 484 476 496 501 487 511 462 470 445 430 428 442 436 
Natural science. ..... 106 255 223 222 202 143 159 129 119 #1125 129 1149 152 160 145 148 145 120 126 149 16.0 
Mathicomp. science... 43 36 32 26 21 15 1.6 1.7 0.7 1.4 0.9 1.7 1.2 12 12 09 O89 09 O09 O98 O8 
Social science... .... 76 45 68 56 56 32 39 37 3.3 3.7 3.5 3.9 3.7 37 41 50 £56 57 58 50 54 
Engineering ........ 143 111 #134 15.7 178 183 193 255 255 232 23.1 216 216 242 206 197 171 193 168 173 165 

Male 

es ae £6 483 580 605 585 605 541 552 588 592 582 594 596 601 602 561 557 528 515 523 543 513 
Natural science... .. . 115 293 265 239 210 159 157 144 135 132 144 168 165 157 148 144 153 128 141 155 16.2 
Math/icomp.science... 38 25 35 26 20 16 1.8 1.4 0.6 1.2 0.9 1.3 1.1 12 10 O07 O89 06 O98 O09 120 
Social science....... 38 27 42 42 40 23 3.4 2.2 2.1 2.1 2.1 2.1 2.7 Ss @ & 32 36 33 £37 
Engineering ........ 243 185 220 243 297 300 305 372 381 365 349 322 329 348 #327 310 264 301 267 280 257 

Female 

Total S&E........... 325 378 373 39.7 380 287 362 380 347 361 398 395 374 404 363 376 361 347 336 345 36.1 
Natural science... ... 93 21.1 172 199 193 125 160 11.1 100 118 =$15 #130 139 162 142 #153 136 112 11.1 #144 = 157 
Math/comp. science 48 50 28 27 22 13 14 21 0.9 1.6 1.0 2.0 1.2 = 2 0.9 11 O8 O08 07 
Social science....... 124 66 100 73 73 42 44 53 49 5.2 5.1 5.9 46 47 60 74 75 84 79 67 720 
Engineering ........ 2.1 24 30 50 49 52 79 126 106 95 105 101 102 123 82 77 #467 75 74 67 73 
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Appendix table 2-11. 


Freshman choice of major in broad science and engineering fields, by race/ethnicity and sex 1972-92 


(page 2 of 3) 
‘Sex and field 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
- See Percent 
Black students 

All students 

Total S&E........... 273 337 311 5 312 286 304 290 #301 304 330 31.1 284 293 276 304 306 307 309 348 
Natural science... ... 40 88 79 #86666 82 53 56 48 44 49 5.1 48 53 47 44 47 44 52 51 6.1 
Math/comp. science 2.1 22 14 08 08 0.7 08 06 0.7 08 0.9 06 06 07 O06 O06 O6 04 O58 06 
Social science... .... 133 126 110 116 108 101 102 89 76 5.9 56 5.4 59 54 69 72 93 80 87 78 
Engineering ........ 45 41 55 59 66 78 8.2 88 103 99 113 87 74 95 84 104 85 92 88 124 

Male 

re 308 372 356 331 347 336 340 334 352 #361 385 353 332 335 316 348 337 334 327 394 
Natural science... ... 49 11.0 9.0 73 93 63 5.6 5.1 45 5.2 52 54 53 39 43 49 45 42 49 51 
Math/comp. science 18 22 18 089 08 0.7 1.0 06 0.8 08 0.9 08 05 08 O08 07 06 04 04 O06 
Social science....... 8.9 8.0 7.7 8.2 69 63 59 5.0 43 3.0 3.4 31 44 26 46 43 5.4 43 45 50 
Engineering ........ 99 88 106 114 126 150 155 163 £185 172 193 154 129 160 148 175 150 159 148 214 

Female 

a 25.1 308 267 268 281 245 280 258 265 266 289 276 248 264 248 272 286 291 302 321 
Natural science... .. . 3.2 7.1 69 6.1 75 44 5.7 46 4.4 48 49 45 53 53 45 47 43 57 52 67 
Math/comp. science 23 22 1:1 0.8 07 06 0.7 0.5 0.7 08 0.9 0.4 0.7 06 O5 06 O6 05 O06 O06 
Social science....... 166 161 136 141 136 129 130 115 99 79 7.1 6.9 6.9 74 84 90 116 103 113 95 
Engineering ..... 04 O7 16 18 23 24 3.3 3.7 4.7 46 58 42 3.7 49 44 59 44 51 49 67 

Hispanic siudents 

All students 

Total S@E... 2.2... 327 377 405 390 360 340 29, 301 375 344 335 349 328 380 350 343 311 333 #340 306 
Natural science... ... 55 128 137 133 109 70 6.7 75 85 8.1 6.4 8.2 7.7 86 84 78 64 ma 
Math/comp. science 24 20 20 18 10 08 0.8 0.3 0.7 0.5 0.9 1.1 0.7 07 O8 O05 O5 06 O08 03 
Social science....... 132 110 127 107 109 112 8.5 79 78 55 54 57 5.9 94 74 87 89 91 84 68 
Engineering ........ 74 5.9 7.7 72 82 89 9.0 87 128 14.1 11.9 126 102 129 12141 113 9.0 105 109 102 

Maile 

ES £66.00 66064 356 427 463 429 402 397 350 364 419 405 394 404 412 448 417 405 352 388 391 350 
Natural science... ... 68 141 168 157 132 75 7.4 92 88 75 74 8.7 8.4 96 85 84 7.3 7.7 868 7.1 
Math/comp. science 26 23 20 21 13° #13 1.3 0.5 0.5 0.7 0.9 1.4 0.6 08 10 O08 07 07 O7 OS 
Social science....... 78 84 74 #«69 54 82 43 48 3.3 18 3.0 33 5.0 52 38 6.1 56 56 38 40 
Engineering ........ 139 108 147 115 144 166 159 1161 210 236 194 198 173 213 219 194 159 183 195 170 

Female 

| eee 292 330 349 347 317 285 248 253 340 283 281 302 259 322 296 295 278 295 300 266 
Natural science ..... 40 113 105 104 85 66 6.2 6.1 8.2 8.6 56 7.7 7.2 78 83 73 5.7 68 63 74 
Math/comp. science 2.2 a se 07 03 0.4 0.3 0.9 0.3 0.9 0.8 0.7 05 O06 O03 04 04 O09 02 
Social science....... 195 139 181 153 169 138 126 105 119 9.0 7.7 7.9 66 129 102 108 115 120 120 95 
Engineering ........ 00 O03 06 19 14 22 23 2.7 55 5.4 5.0 63 43 60 42 45 35 42 43 38 

(continued) 


* 292 


Appendix table 2-11. 
Freshman choice of major in broad science and engineering fields, by race/ethnicity and sex: 1972-92 


(page 3 of 3) 
Sex and field 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Percent 
Native American students 

All students 

i 305 33.7 379 350 316 312 323 287 35.3 27.3 29.3 27.4 26.3 265 296 31.0 308 32.8 309 31.1 313 
Natural science...... 79 123 154 #413.1 75 862 8.1 5.8 8.0 6.1 6.0 5.3 5.0 7.1 6.0 6.9 8.4 9.3 8.3 7.9 8.5 
Math/comp. science. . . 2.5 2.3 1.2 1.0 1.1 1.5 1.1 0.1 0.9 0.4 1.1 0.6 0.6 0.5 0.8 1.0 0.6 0.5 04 03 0.4 
Social science....... 11.4 106 10.1 8.5 126 86 8.0 9.1 6.8 5.5 6.3 6.3 7.9 6.5 7.2 75 7.1 6.0 92 8.1 8.5 
Engineering ........ 5.7 43 6.8 7.4 66 8.1 10.2 9.5 13.4 10.1 10.6 8.9 7.7 6.7 10.0 10.1 8.3 10.6 79 99 9.2 

Male 

Vote! SAB........ .. 862 419 455 39.7 37.7 367 364 35.2 40.7 38.4 34.4 34.4 31.8 32.1 39.2 395 37.1 38.2 34.2 36.7 373 
Natural science...... 104 178 200 158 149 116 10.1 10.9 9.0 7.3 7.0 8.7 8.2 9.6 9.1 9.9 93 74 106 84 8.9 
Math/comp. science. . . 3.3 2.2 1.4 1.2 10 24 0.7 0.2 1.1 0.7 1.5 0.6 0.1 0.8 0.7 0.8 0.7 0.4 09 03 0.3 
Social science....... 7.8 6.3 5.8 48 43 54 3.1 3.4 3.8 4.1 1.2 3.8 3.1 4.1 5.4 4.7 4.4 4.7 48 5.0 6.3 
Engineering ........ 11.2 86 138 123 11.9 11.5 16.9 156 19.1 19.5 18.4 14.9 14.0 11.4 174 183 155 17.2 140 182 15.7 

Female 

0 25.7 27.1 306 306 258 264 # 28.1 23.2 30.4 17.3 25.2 21.9 21.7 21.2 219 246 253 293 280 268 264 
Natural science...... 5.7 75 116 10.4 10.2 57 6.0 7.5 43 3.8 5.7 4.3 7.7 3.9 5.7 5.5 5.4 5.0 8.1 7.9 8.2 
Math/comp. science. . . 1.9 2.4 1.1 0.7 i260 (OG? 1.5 0.0 0.7 0.1 0.6 0.7 1.0 0.2 0.8 1.2 0.5 0.6 0.1 0.3 0.5 
Social science....... 146 143 136 12.2 10.7. 11.1 12.9 8.1 12.6 7.9 10.2 6.5 6.6 9.8 6.5 86 11.6 125 108 10.1 10.1 
Engineering ........ 0.5 0.5 1.0 2.6 1.1 4.7 3.6 4.1 7.0 1.8 3.8 3.7 1.9 2.6 4.1 3.6 2.6 5.9 34 3.3 4.0 


S&E = science and engineering 
SOURCE: Higher Education Research Institute, University of California at Los Angeles, Survey of the American Freshman: National Norms (Los Angeles: 1992), unpublished tabulations. 
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Appendix table 2-12. DS 
Freshman choice of major in subfields of science and engineering, by race/ethnicity: 1972-92 > 
* 
Field 1972 1973 1974 1975 1976 1977 1278 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Percent 
White students 
i ee alk ae 90.0 905 900 890 876 87.1 87.9 86.2 85.9 87.4 85.2 85.7 85.9 84.1 841 83.2 81.1 82.0 789 769 79.0 
i 940 922 91.7 918 895 90.5 91.4 89.9 90.0 89.9 87.9 89.5 89.0 85.1 87.4 87.3 87.7 86.0 865 825 838 
I ats ie 4.5 4 8 4.40% 933 918 909 905 888 894 89.0 88.1 88.3 87.8 85.8 85.2 84.2 83.8 827 818 799 808 778 762 784 
Social science........ 86.2 876 868 845 840 83.1 83.5 83.3 83.4 87.0 84.7 84.8 85.4 87.2 844 850 819 83.6 782 778 80.0 
Engineering ......... 91.1 922 915 908 868 88.0 89.2 86.7 86.1 87.5 85.8 87.3 87.8 83.4 841 816 808 81.2 793 76.1 77.2 
Asian students 
TotalS&E .......... 1.2 1.2 1.5 18 18 1.8 1.8 2.2 2.2 2.0 2.5 2.8 2.7 4.4 46 48 5.2 48 5.3 6.0 5.8 
ere ee 1.3 1.5 2.0 2.1 23 2.7 2.3 2.8 2.3 2.8 3.6 3.5 4.0 6.1 5.4 5.0 5.5 44 5.4 58 5.9 
ee 1.2 1.7 1.8 24 2.1 2.1 2.3 2.2 2.5 2.5 3.2 4.2 3.9 6.6 7.1 7.7 8.6 7.0 7.7 9.2 8.4 
Social science........ 0.7 0.5 0.8 10 09 1.0 1.0 0.9 1.1 1.1 1.6 1.4 1.6 2.5 2.5 2.8 3.5 3.1 3.7 4.2 3.8 
Engineering ......... 1.7 1.5 1.7 2 2.4 2.4 2.2 3.1 2.9 2.7 3.0 3.4 3.5 5.7 5.8 6.0 6.5 6.4 6.4 6.7 6.9 
Black students 
TotaiS&E .......... 7.5 7.0 6.7 76 85 8.6 8.2 9.1 9.7 8.6 10.4 9.7 9.5 9.4 8.6 96 106 10.3 121 13.2 £11.2 
| 
| 
EE ER Ga 4 4K 0a 3.9 5.2 5.0 49 63 5.0 4.7 5.8 6.0 5.6 6.9 6.0 5.6 7.7 5.3 5.7 5.0 7.2 5.3 8.6 7.2 | 
es tine 6 '0-4.4 6-084 46 5.1 5.2 53 69 6.2 6.3 6.7 7.0 7.1 8.9 79 9.5 6.8 6.8 7.6 7.8 90 102 10.0 8.9 
Social science........ 11.6 102 103 122 125 128 12.7 12.7 12.4 10.1 10.7 11.9 11.4 89 103 97 11.5 10.2 141 13.7 11.5 
Engineering ......... 5.4 49 5.2 59 68 7.3 6.7 77 8.7 7.6 9.4 7.6 7.0 8.5 7.4 98 95 94 106 134 122 
Hispanic students 
TotalS&E .......... 1.1 0.9 1.3 15 13 1.9 1.4 2.0 1.6 1.3 1.8 1.3 1.2 1.6 2.1 1.9 2.3 2.3 2.5 2.7 4.1 
 és's 64h 44 4044 0.5 0.8 0.9 10 1.3 0.6 1.1 1.5 1.2 1.3 1.0 0.7 1.2 1.0 1.2 1.4 1.8 1.7 1.8 2.1 2.6 
0 ee 1.3 1.5 1.8 19 19 1.9 1.9 2.2 1.9 2.6 2.0 1.8 1.9 1.8 2.2 2.2 2.7 2.2 2.5 2.8 4.2 
Social science........ 1.4 1.1 1.5 2.1 18 2.6 2.0 2.6 2.1 1.4 2.0 1.5 1.2 1.5 2.1 1.9 2.5 2.4 2.7 2.9 49 
Engineering ......... 1.1 0.9 1.2 1.0 1.1 1.5 1.3 1.6 1.3 1.3 1.7 1.3 4 1.5 2.1 1.9 2.2 2.2 2.5 2.5 3.9 
Native American students P 
xe) 
® 
TotaiS&E .......... 1.1 0.9 0.9 08 09 0.7 0.7 0.8 0.8 0.9 0.9 1.0 0.9 0.9 0.9 1.0 0.9 1.0 1.3 1.7 1.8 r.4 
| ><" 
Physics vai cweeeekaa 1.1 0.8 0.9 0.7 1.2 0.5 0.6 1.0 0.6 0.8 0.9 1.3 0.6 0.8 1.1 1.1 0.8 0.9 2.1 1.5 1.5 > 
Biology . ee 1.0 0.9 1.1 09 10 0.8 0.7 0.7 0.8 0.8 1.0 1.1 1.5 1.2 1.0 1.1 1.0 0.9 1.6 1.8 1.8 3 
Social science........ 1.3 1.1 1.0 10 1.0 0.8 0.8 0.8 0.9 1.1 0.9 1.4 0.6 0.9 1.0 1.0 0.9 1.2 1.3 1.9 1.8 3 
Engineering ......... 0.8 0.7 0.7 07 07 0.5 0.6 0.7 0.7 0.9 0.9 0.9 0.7 0.6 0.9 1.0 0.8 1.0 1.1 1.5 1.6 a 
i 
4 
S&E = science and engineering = 
SOURCE: Higher Education Research Institute, University of California at Los Angeles. Survey of the American Freshman: National Norms (Los Angeles: 1992), unpublished tabulations. | b 
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Appendix table 2-13. 
Pianned college majors of National Merit Scholars: 1982-92 
(page 1 of 2) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Total 
ee es ira ga i 2.830 2851 3.026 3,197 3,247 3.041 2,987 3,198 3.006 3,103 3,192 
en le a rn de el 1.740 1831 1815 1,729 1,602 1595 1,628 1,517 1,767 1.762 1,903 
Engineering 
eg eek ae ed 969 1,068 1.039 1,112 1.142 1,030 997 1,049 952 1098 1,185 
EER ee 336 361 363 288 247 251 245 237 247 248 302 
Natural sciences 
Cn 66s alin cA awe he eae 973 986 1,121 1,127 1,060 1,002 979 1,009 1,045 974 1,008 
a wd ace a whi ahe 544 656 603 578 483 478 476 422 521 544 606 
Astronomy 
aa ieee tn bh ceed a 19 14 20 17 22 28 28 22 23 18 9 
ER ee eden ee + 10 2 9 7 10 5 5 6 6 10 9 
Biochemistry 
ek Sra a dha on wee 65 62 70 69 61 80 79 59 61 77 82 
I a Na ii ils i a 56 65 77 72 45 63 53 53 63 58 85 
Biosciences, unspecified 
aah teak eked 5 oe 85 72 85 113 107 69 84 66 68 67 86 
Ee are 103 122 131 121 115 79 95 84 101 91 107 
Biology, botany. zoology 
ES Re eer 61 42 47 46 56 75 73 60 93 86 82 
DD (ass dewaes be444as 71 96 70 88 80 88 91 86 102 139 151 
Biophysics 
0 err. re ee ree ee 4 8 12 13 5 10 5 9 6 5 13 
re ee ee 5 5 4 3 1 2 1 4 2 0 3 
Chemistry 
RS Terre Ter err ee 77 64 87 98 87 71 91 79 75 89 103 
CC eee 47 64 48 60 48 45 37 42 51 50 61 
Computer sciences 
Serre rer rere 244 325 326 264 219 186 180 221 200 183 201 
ee ee eee 104 135 92 49 26 29 29 19 28 28 24 
Earth sciences 
De tietbed das ve 0keR ORS 22 16 10 13 10 9 5 12 12 16 16 
tt £24 been ee tees 44-884 12 16 8 12 5 7 9 5 6 9 15 
Math and statistics 
ss heh kes 64 64 40444845 118 103 139 145 154 142 104 155 149 147 126 
Pe ceteii cen ced ewades 65 63 91 74 73 69 68 50 74 70 68 
Physical sciences, unspecified 
PT TT TT Tee rere 66 65 71 84 74 74 107 86 87 74 81 
65 bve'0a-e4 be 644482 33 29 37 36 29 43 49 26 45 37 41 
Physics 
DS 6¢es Sas siwewasbenes 212 215 254 265 265 258 223 240 271 212 209 
«2» 4446460000605 38 59 36 56 51 48 39 47 43 52 42 
Health sciences 
6 6.55490 4048 4ORS SEEKS 357 344 359 386 384 312 249 290 228 315 351 
ee ee eee ee 325 315 307 300 274 234 236 212 244 241 307 
Social sciences 
SET TET Terres 210 206 231 244 303 320 346 375 346 295 279 
SS + 5.64668 64449060444 179 182 195 222 223 285 298 311 346 331 325 
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Appendix tav:2 2-13. 
Planned college majors of National Merit Scholars: 1982-92 


(page 2 of 2) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

Business 

A en ee ere 135 100 114 157 170 171 183 206 183 170 136 

Rr ae 138 135 139 135 147 116 136 104 109 111 88 
Arts 

RARE > S 8.2 Seay 72 52 70 80 70 65 70 73 82 83 73 

ERS eee 78 72 78 71 80 76 76 49 78 85 77 
Other 

eT eae 114 95 92 91 118 141 163 196 170 168 160 

a dh aie at a 140 110 130 135 148 155 161 182 222 202 198 
Undecided 

Ed et ed ee 75 57 82 82 102 306 439 434 460 472 504 

ep ew ere 67 51 93 78 82 298 285 321 368 333 401 


SOURCE: National Merit Scholarship Corporation, Annua/ Report (Evanston, IL: Ongoing annual series). Used with permission. 
See figure 2-10. Science & Engineering Indicators — 1993 
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Appendix table 2-14. 
Freshmen reporting need for remedial work in science or mathematics, by intended major, sex, 
and race/ethnicity: 1992 


Race/ethnicity 
All om Native 
Intended major students Male Female White Asian Black Hispanic American 
rl —————————— 
S&E 
ee 8.9 6.9 11.2 7.5 16.1 20.4 20.8 17.4 
ere 20.6 15.4 26.9 19.1 18.8 44.1 38.0 38.3 
Physical science 
Ee 6.2 4.4 9.6 45 11.5 19.7 16.0 26.4 
ee 12.2 9.3 17.6 11.0 12.7 31.0 29.9 35.1 
Biological science 
ee 8.7 6.6 10.4 7.6 19.4 19.8 18.2 26.0 
elie 6 ee eae 23.3 19.2 27.0 21.5 22.4 48.8 38.1 42.7 
Social science 
rr 9.1 7.0 10.6 9.0 17.1 21.5 19.2 16.2 
eee 26.3 21.2 30.0 25.2 25.8 54.1 449 51.3 
Engineering 
a 8.5 7.4 13.4 6.4 14.6 20.5 23.0 18.0 
eres 13.3 12.7 16.2 12.5 14.2 36.1 30.9 28.2 
Non-S&E 
es ee 10.1 8.6 11.2 10.4 18.3 22.2 24.6 25.5 
ee 24.4 21.0 27.0 25.8 26.0 49.7 41.0 446 


S&E = science and engineering 


SOURCE: Higher Education Research Institute, University of California at Los Angeles, Survey of the American Freshman: National Norms (Los Angeles: 1992), 
unpublished tabulations. 
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Appendix table 2-15. 
Reasons given by nigh school seniors for not taking math and science classes: 1990 and 1993 


Plans after high school 


All __ sox Scimathieng Health Other college Noncollege- 
Reason students Male Female major major major bound 
Math classes 
Percent 

There were other courses! wanted 1990.......... 37 33 40 36 41 47 34 
to take I 37 34 40 36 32 35 33 
| do not like math ee 35 27 40 41 41 43 31 

I ied 33 30 36 36 19 37 29 
| did not think | would do well in arr 30 28 32 38 33 44 24 
more advanced math classes RS are 31 31 32 50 23 37 23 
| was advised | did not need to ee 30 26 34 25 18 28 31 
take more math eee Se 30 28 32 36 18 16 31 
| will not need advanced math for ere 28 31 26 15 12 38 29 
what | plan to do in the future RI 6 tie aie Bits 27 23 30 20 16 34 25 
| did not want to work that hard oe 27 27 27 33 35 27 22 
during my senior year Dik skases 30 31 239 30 37 32 26 
| have taken the highest level math 1990.......... 5 7 3 8 2 2 6 
course available here i 6 7 5 g 4 5 7 

3a N= 677 293 384 61 49 197 405 

ee N= 772 375 397 44 57 164 344 

Science classes 

| will not need advanced science ee 40 42 37 35 12 52 39 
for what | plan to do in the future A ee 34 36 33 25 = 47 31 
There were other courses! wanted 1990.......... 37 32 41 41 35 43 32 
to take Pe 4.) 38 42 29 38 42 30 
| was advised | did not need to Ee 6 tue od ee x) 26 33 26 28 28 34 
take more science i 30 28 34 34 19 22 33 
| do not like science Pere 29 22 35 24 19 36 29 

Se 29 26 32 25 10 35 26 
| did not think | would do well in th (keene s 24 24 24 24 16 29 22 
more advanced science classes a 25 22 29 23 18 28 21 
| did not want to work that hard 0 23 21 25 26 27 28 21 
during my senior year es 6.8 vs bobe 27 26 28 28 18 26 28 
| have taken the highest level re 8 9 7 6 20 7 6 
science course available here ae 4 10 8 g 8 5 10 

a ere N= 897 398 499 87 48 265 426 

Es 6 ie it N= 965 487 478 61 53 248 392 


SOURCE: J.D. Miller, Longitudinal Study of American Youth (DeKalb, IL: Social Science Research Institute. Northern lilinois University, 1993), special tabulations. 
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Appendix table 2-16. 
Selected maih and science courses taken by high school seniors: 1990 and 1993 


Plans after high school 


All : sex Sci/math/eng ‘Health Other college Noncollege- 
Course students Male Female major major major bound 
Math classes 
eR a.  _ es 
Algebra eer ere 89 88 89 98 99 97 77 
re ree 91 91 92 98 98 98 79 
Geometry AG Sedge nies ee hat at 71 70 71 93 95 89 48 
a eae 74 73 75 94 92 89 46 
Trigonometry ee 28 31 27 67 52 38 6 
ER A ar a ee 36 36 37 74 54 42 8 
Calculus SR ee ere ar 8 10 6 26 16 11 ° 
Sieh hie Eee eee ew ea 11 13 9 33 16 8 " 
ain eek abe ae a's = 2,332 1,107 1,225 276 159 474 752 
ee eae ek aa Go N= 2,046 1,071 975 229 199 464 579 
Science classes 
Low-level science PPL iebhitadekie sebaasees 75 74 76 62 60 73 84 
re eT Te ee 73 74 72 52 62 73 90 
Biology tc stdkoehaebaeetoeas 92 93 92 98 98 98 86 
i. os 66h shaded bebe eees 91 90 93 96 96 96 83 
Chemistry DT ih 04.6446604% 062004058 53 54 53 84 84 73 27 
 642064.6400600404600088 60 59 62 85 83 75 29 
Physics tis covasencssesseaes 23 27 19 52 51 27 6 
Dcéi0046eneessesesees 32 32 27 64 44 30 7 
rrr rer re N= 2,296 1,096 1,201 276 159 486 748 
re eee N= 2,016 1,057 959 229 199 464 578 


* = fewer than 1 
SOURCE: J.D. Miller, Longitudinal Study of American Youth (DeKalb, IL: Social Science Research Institute, Northern Illinois University, 1993), special tabulations. 
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Appendix table 2-17. v 
Earned associate degrees, by sex and field: 1975-91 © 
eo 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total, alldegrees...._.. 362,969 395,393 409.942 416,947 407,471 405.710 420.910 440,000 461,888 457,851 459.087 451.258 440816 441,093 440,375 459.048 486.297 
Science and engineering. . NA NA NA NA NA NA NA NA 23,901 28,183 26580 25.359 23,130 21,520 19733 19810 19,352 
Natural sciences'....... NA NA NA NA NA NA NA NA 5.130 5,078 4,416 4,016 3,694 3.818 3,712 3,996 4,112 
Math and computer 
Se NA NA NA NA NA NA NA NA 10,695 13,696 13,679 11,567 9,953 9.575 8846 8,600 8.640 
Social & behavioral 
sciences 2/........... NA NA NA NA NA NA NA NA 4803 4,852 4,562 4,487 4,894 4.231 4440 4,809 4,087 
Engineering........... NA NA NA NA NA wa NA NA 3.273 4,557 3,923 5,289 4.589 3,896 2,735 2,405 2,513 
Engineering technology... 30,906 36,263 38,588 41,708 41,716 43.090 52,478 58574 51,332 50,718 53,693 49,904 49813 49640 48342 46931 45,104 
Male, alidegrees’'....._.. 191,855 211,330 212,120 206,766 193,696 185,329 190,152 198.698 208.830 204.517 204.325 197,955 192,227 191,912 187,125 192.433 200,043 
Science and engineering. . NA NA NA NA NA NA NA NA 13,184 15,736 14,746 14,446 13,152 12,266 10,607 10568 10,360 
Natural sciences’....... NA NA NA NA NA NA NA NA 3,003 2974 2511 2216 2113 2,151 1965 2195 2278 
Math and computer 
a i NA NA NA NA NA NA NA NA 5,390 7,007 7,128 6,015 5297 5028 4563 4,431 4,438 
Social & behavioral 
aa da dk ie 6 NA NA NA NA NA NA NA NA 1876 1,713 1,606 1,588 1650 1617 41,671 1,825 1,411 
Engineering........... NA NA NA NA NA NA NA NA 2915 4042 3,501 4,627 4092 3470 2408 2117 2,233 
Engineering technology... 29,108 33,053 34,957 37,015 36,749 37,847 45,329 50,823 45,536 45,108 47,971 44,364 44,157 44,047 42,766 41428 39,775 
Female, alidegrees ...... 171,114 184,063 197,822 210,181 213,775 220,381 230,758 241,302 253,058 253,334 254,762 253,303 248,589 249.181 253,250 266.615 286,254 
Science and engineering NA NA NA NA NA NA NA NA 10,717 12,447 11,834 10913 9978 9254 9126 9242 8992 
Natural sciences'....... NA NA NA NA NA NA NA NA 2,127 2,104 1,905 1,800 1,581 1,667 1,747 1,801 1,834 
Math and computer 
ti tie lee ee0s NA NA NA NA NA NA NA NA 5305 6689 6551 5552 4656 4547 4283 4169 4,202 
Social & behavioral 
i re NA NA NA NA NA NA NA NA 2,927 3,139 2956 2899 3244 2614 2,769 2984 2,676 
Engineering........... NA NA NA NA NA NA NA NA 358 515 422 662 497 426 327 288 280 . 
Engineering technology 1,798 3,210 3,631 4693 4967 5849 7,149 7,751 5796 5610 5722 5540 5656 5593 5576 5503 5,329 


NOTE: Data on associate degrees are not available for broad science and engineering fields before 1983. 

‘The natural sciences include all physical, environmental, biological, and agricultural sciences. 

SOURCES: National Center for Education Statistics, U.S. Department of Education, Earned Degrees and Completion Surveys; and Science Resources Studies Division, |National Science Foundation, unpublished tabulations. 
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Appendix table 2-18. 
Earned associate degrees, by race/ethnicity and field: 1977-91 
Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991 
Total,alidegrees ...-=-—=-—s—s—s—s«w‘i(‘(#yaau. 409.942 407.471 420.910 459.087 440816 440375 459048 486.297 
Sciencs and engineering........ ........ NA NA NA 28.346 24.743 22.074 22.113 22.082 
A ns a ae NA NA NA 4,691 3,950 3,952 4.286 4.430 
Math and computer sciences............. NA NA NA 13,679 9,953 8.846 8.600 8.640 
Social & behavioral sciences’ ............ NA NA NA 6,053 6,252 6,544 6.825 6.502 
SE rae NA NA NA 3,923 4,588 2.732 2,402 2.510 
Engineering technology ................. 38.244 40.891 51.661 51,579 47 434 46,180 44.739 42.595 
White, alidegrees.......-..-............... 342.382 331.173 339.183 355.422 345546 330557 343.629 376.869 
Science and engineering ................ NA NA NA 19.616 17,666 15,525 15.421 15.695 
a NA NA NA 3,548 3,078 3.231 3.458 3.574 
Math and computer sciences............. NA NA NA 10,255 7.360 6.044 5.704 6,054 
Social & behavioral sciences*............ NA NA NA 3,553 3,993 4.264 4.489 4.200 
a ei a al ahs oye NA NA NA 2.260 3,235 1,986 1,770 1 867 
Engineering technology ................. 33,109 33,662 40,804 40,934 37,383 33,584 31,699 33,792 
Asian, alidegrees..................... 7,174 7,617 8,757 10,165 11,329 11,761 12.687 15.069 
Science and engineering................. NA NA NA 864 1,094 891 909 $12 
REET TR Sa NA NA NA 86 112 120 179 220 
Math and computer sciences............. NA NA NA 511 464 401 411 388 
Social & behavioral sciences*............ NA NA NA 83 149 176 168 158 
ER a Se ee NA NA NA 184 369 194 151 146 
Engineering technology ................. 781 1,132 1,641 1,570 1,989 1,663 1,499 1,496 
Black,alidegrees ................... 33.176 34,985 35.330 35,861 33,858 32,185 32,882 37,854 
Science and engineering.............. - NA NA NA 2,027 2.127 1,817 1.924 2.038 
En 3 <<. 65 as6 6.0.06 60.00 © 0% NA NA NA 160 198 125 153 149 
Math and computer sciences............. NA NA NA 938 961 828 876 921 
Social & behavioral sciences*............ NA NA NA 781 719 744 807 842 
ES ee ee NA NA NA 148 249 120 88 126 
Engineering technology ................. 1,990 2,022 2.903 3,395 3,100 2,829 2.648 3,030 
Hispanic, alidegrees ................. 19,808 20,710 22.088 22.783 22.804 23,475 24,569 29.019 
Science and engineering................. NA NA NA 1,776 2,031 1,744 1,473 1,740 
EE re re NA NA NA 248 281 236 215 232 
Math and compiiter sciences............. NA NA NA 676 620 609 591 677 
Social & beha. alsciences®............ NA NA NA 726 761 723 569 678 
Ee ere eee ee NA NA NA 126 369 176 98 153 
Engineering technology ................. 1,644 1,799 2.219 2,084 2.359 2.232 2.298 2.411 
Native American, allidegrees .......... 2,499 2,336 2,584 2,953 3,049 3,102 3,290 3,772 
Science and engineering................. NA NA NA 193 245 227 251 326 
Re a NA NA NA 45 49 44 38 66 
Math and computer sciences.......... - NA NA NA 56 49 67 84 91 
Social & behavioral sciences‘ ............ NA NA NA 81 120 104 117 148 
Cc idee sé £04066 9.6.6:9:0060% NA NA NA 11 27 12 12 21 
Engineering technology ............ ey 204 191 285 267 219 257 168 232 


NA = not available 


NOTES Data on associate degrees are not available for broad science and engineering fields before 1983. Data by racial/ethinic group were collected on a brenmal 
schedule until 1990. Data are not available by racial/ethnic group for foreign citizens on temporary visas. Data by racial/ethnic group are collected by broad fields of 
Study only. therefore. these data cannot be adjusted to the exact field taxonomes used by the National Scrence Foundation 


‘The natural sciences include all physical, environmental. biological. and agricultural scrences 
“The social and behavioral sciences include psychology. sociology. and other social scrences 
SOURCES Nationa! Center for Education Statistics. US Department of Education. Earned Degrees and Completion Surveys. and Science Resources Studies 


Division. National Scrence Foundation. unpublished tabulations 


See text table 2-5 
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Earned bachelors degrees, by sex and field: 1975-91 


(page 1 of 2) 


Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total, alldegrees...... 931.663 934.443 928.228 930.201 931.340 940.251 946.877 964.043 980.679 986.345 990.877 1.000.204 1.003.532 1,006,033 1.030.171 1.062.151 1,107,997 
Science and engineering. .. 313,555 309,491 303.798 303,555 303,162 304,695 306,792 315,023 317.875 324.483 332.422 335.460 331.526 322.482 322.821 329.094 337.675 
Natural sciences....... 87.199 91,547 93.179 92361 90.120 87,567 84,062 81859 79.315 76475 75.429 72.499 68,724 64.734 62.860 62,652 65,189 
ee 16.001 16.497 16937 17,143 17,257 17.470 17.446 17.263 16.197 15831 16270 15,784 15464 14255 14148 13.425 13.678 
Environmental ....... 4,877 5.046 5,653 6,003 6,082 6.155 6694 7,061 7,298 7,925 7.576 6.076 4.689 3,554 3.181 2.776 2.728 
Biological & agricultural.. 66,321 70,004 70,589 69.215 66,781 63,942 59922 57535 55.820 52.719 51,583 50,639 48571 46.925 45.531 46.451 48.783 
Math/computer sciences.. 23.385 21,749 20,729 19.925 20,670 22686 26.406 32,139 37,239 45.777 54388 58.583 56442 50.877 46.277 42.369 40,194 
Mathematics ........ 18.346 16.085 14303 12,701 11,901 11,473 11.173 11,708 12,557 13342 15.267 16.388 16515 15981 15,314 14674 14,784 
Computer science. .... 5,039 5.664 6,426 7.224 8,769 11,213 15,233 20431 24682 32435 39,121 42195 39.927 34896 30,963 27.695 25.410 
Social & behav. sci. ..... 163.147 157,405 148,533 144.018 138,903 135,632 132.607 133.565 128.651 126.078 125,033 127.558 131,935 136,717 146.737 159.368 170,105 
Psychology ......... 51.436 50.363 47,794 45.057 43.012 42513 41,364 41539 40825 40375 40,237 40937 43,195 45378 48,954 54018 58.893 
Social science ....... 111,711 107,042 100,739 98,961 95891 93.119 91,243 92026 87.826 85.703 84.796 86.621 88,740 91,339 97.783 105,350 111,212 
Engineering.......... 39.824 38,790 41,357 47.251 53469 58810 63,717 67.460 72.670 76,153 77,572 76820 74425 70,154 66,947 64.705 62,187 
Engineering technology ... 8,589 9180 9864 10314 10906 12180 13,567 14.778 18.663 20.225 20533 20928 20577 20447 20,098 19,150 18,294 
Male, ailldegrees ...... 508.424 508.549 499.121 491,066 481,394 477,750 474,336 477,543 483,395 486.750 486.660 490.143 485.003 481.236 487,566 495.867 508,952 
Science and engineering. .. 210,741 205,570 198,805 195,888 193,247 191,215 190,977 193,624 194538 199,262 203.464 204,771 199.981 191.549 189.338 189.082 189,328 
Natural sciences....... 63,977 65,572 65,378 63.014 60,047 56,909 53.430 51,213 48379 46482 45447 43.405 40589 36930 36.009 35,157 36,206 
eer 12.990 13.280 13,560 13.453 13358 13,285 13,137 12,737 11,586 11,175 11,434 11,088 10,792 9673 9.777 9106 9,253 
Environmental ....... 4,050 4124 4,479 4,709 4,695 4693 5028 5,254 5,450 5,991 5.715 4,722 3,629 2,707 2,380 # 2,001 1,946 
Biological & agricultural... 46,937 48,168 47,339 44852 41,994 38931 35,265 33.222 31,343 29316 28,298 27,595 26,168 24550 23,852 24,050 25,007 
Math/computer sciences.. 14,729 14,071 13,241 12815 13,249 14,439 16,672 19,966 22,749 27,797 32,921 35,841 34871 32,112 29.682 27,184 25,700 
Mathematics ........ 10,646 9,531 8,354 7,455 6,943 6.625 6,392 6,650 7,059 7,428 8,231 8,772 8.833 8569 8,264 7.863 7,804 
Computer science... .. 4,083 4540 4,887 5,360 6,306 7,814 10.280 13316 15690 20369 24690 27,069 26,038 23,543 21,418 19321 17,896 
Social & behav. sci. ..... 93,056 88.454 80873 76,290 71,363 67,009 64,221 63.260 60,392 59,559 58,770 59843 61,500 63,132 66.888 72,009 74,900 
Psychology ......... 24.333 22,987 20692 18517 16649 15590 14447 13,756 13,228 12949 12815 12691 13.399 13,584 14291 15,399 16,155 
Social science ....... 68,723 65,467 60,181 57.773 54,714 51,419 49,774 49504 47,164 46610 45955 47.152 48,101 49548 52597 56610 58,745 
Engineering.......... 38.979 37,473 39313 43,769 48588 52858 56.654 59185 63,018 65,424 66326 65.682 63,021 59,375 56,759 54,732 52,522 
Engineering technology ... 8,054 8.656 9,173 9495 9942 10930 12,032 13.079 16,529 18052 18,278 18,734 18429 18337 17,999 17,113 16,329 
(continued) 
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Appendix table 2-19. 


Earned bachelors degrees, by sex and field: 1975-91 


(page 2 of 2) 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Female, alldegrees ..... 423,239 425.894 429.107 439,135 449,946 462,501 472,541 486,500 497,284 499,595 504,217 510,061 518,529 524,797 542.605 566,284 599,045 
Science and engineering. .. 102,814 103,921 104,993 107,667 109,915 113,480 115.815 121,399 123,337 125,221 128,958 130,689 131,545 130,933 133,483 140,012 148,347 
Natural sciences....... 23,222 25975 27.801 29.347 30,073 30,658 30632 30646 30936 29,993 29982 29094 28.135 27.804 26851 27.495 28,983 
Piumiod)............ 3.011 3.217 3,377 3,690 3,899 4185 4309 4526 4611 4656 4836 4696 4672 4582 4371 4,319 4,425 
Environmental ....... 827 922 1,174 1,294 1,387 1462 1666 1,807 1,848 1,934 1,861 1,354 1,060 847 801 775 762 
Biological & agricultural... 19.384 21,836 23,250 24363 24,787 25,011 24657 24313 24477 23.403 23,285 23,044 22,403 22.375 21,679 22.401 23,776 
Math/computer sciences... 8656 7,678 7488 7,110 7,421 8247 9,734 12,173 14490 17,980 21,467 22.742 21,571 18.765 16595 15,185 14,494 
Mathematics ........ 7,700 6554 5949 5246 4958 4848 4,781 5058 5498 5914 7,036 7616 7,682 7412 7,050 6811 6,980 
Computer science. .... 956 1,124 1,539 1,864 2,463 3,399 4,953 7,115 8.992 12066 14431 15,126 13,889 11,353 9,545 8.374 7,514 
Social & behav. sci. ..... 70,091 68,951 67,660 67.728 67,540 68623 68386 70.305 68,259 66,519 66,263 67,715 70435 73,585 79,849 87,359 95,205 
Psychology ......... 27.103 27.376 27,102 26540 26,363 26923 26917 27,783 27,597 27,426 27,422 28,246 29,796 31.794 34663 38.619 42,738 
Social science ....... 42988 41,575 40558 41.188 41,177 41,700 41,469 42522 40,662 39,093 38.841 39469 40639 41.791 45186 48,740 52,467 
Sremeenme.......... 845 1,317 2,044 3,482 4.881 5,952 7,063 8.275 9652 10,729 11,246 11,138 11,404 10,779 10,188 9,973 9,665 
Engineering technology ... 535 524 691 819 964 1,250 1,533 1,699 2,134 2,173 2,255 2,194 2,148 2,110 2,099 2,037 1,965 


SOURCES: National Center for Education Statistics, U.S. Department of Education. Earned Degrees and Completion Surveys; and Science Resources Studies Division 


tabulations. 


See figure 2-12 and text table 2-6. 


. National Science Foundation, unpublished 
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Appendix table 2-20. 


Earned bachelors degrees, by race/ethnicity/citizenship and field: 1977-91 


(page 1 of 2) 


Appendix A. Appendix Tables 


Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991 
Total, alldegrees ..................... 928.228 931340 946877 990.877 1,003,532 1.030.171 1.062.151 1.107.997 
Science and engineering................. 374,579 373,431 374.693 355.253 355.873 351.150 360242 371.658 
i kes nd a Re 98,342 96,186 90,254 75.670 68,929 63,073 62.865 65.401 
Math and computer sciences ............ 20,729 20.670 26,406 54,388 56.442 46.277 42.369 40.194 
Social & behavioral sciences?............ 205,831 193,775 182,638 147,624 156.079 174.853 190,305 203.877 
i i ok Aa ub dk 49,677 62,800 75,395 77,571 74,423 66,947 64,703 62.186 
Engineering technology ................. NA NA NA 20,533 20,577 20.098 19,150 18,294 
U.S. citizens and permanent residents 
White, alldegrees..................... 807,857 802,665 807,509 826.356 819.477 840326 856686 892,363 
Science and engineering................. 323,845 318819 313486 290.388 281,588 277.106 280.889 289,253 
iio dwg eA 84 48 88,308 85,403 78,778 63,592 55,898 50.580 49,527 51,113 
Math and computer sciences ............ 18,110 17,633 22,013 43,484 42.446 33,998 30,683 28,998 
Social & behavioral sciences*............ 175.355 163,132 151.839 122320 126,753 142.447 153.185 163,980 
ee ee 42,072 52,651 60,856 60,992 56,491 50,081 47,494 45,162 
Engineering technology ................. NA NA NA 16,673 16,541 16,156 15.251 14.279 
Asian, alidegrees..................... 13,907 15,542 18,908 25,562 31,921 37,573 38.027 41,725 
Science and engineering................. 6,558 7,591 9,572 13,454 17,114 19.383 19.698 20.860 
ond 5 66 6 5 8 awed OR 1,935 2,227 2,406 2,880 3,641 3.973 4,308 4.670 
Math and computer sciences ............ 479 587 1,061 2,929 3.489 3,287 3,018 2,925 
Social & behavioral sciences*............ 2,933 2,919 3,039 3,163 4,394 6,048 6,360 7,045 
ie eee ee ee eee RN 1,211 1,858 3,066 4,482 5,590 6,075 6.012 6,220 
Engineering technology ................. NA NA NA 542 807 839 755 768 
Black, alldegrees..................... 58,700 60,301 60,729 57,563 55.103 56,837 59,301 65,009 
Science and engineering................. 23,134 23,324 23,767 18,946 18,955 19,273 20,074 21,943 
+ io oo eh oe 650 e eee ees 3,416 3,541 3,561 3,096 2,870 2,756 2,815 3,026 
Math and computer sciences ............ 1,073 1,159 1,371 2,913 3,654 3,249 2,967 2.808 
Social & behavioral sciences*............ 17,260 16,849 16,386 10,898 10,116 11,20% 12,220 13.880 
 <o 64044 5A s 6-0-0684 840 06 08 1,385 1,775 2,449 2,039 2,315 2,067 2.072 2,229 
Engineering technology ................. NA NA NA 1,277 1,269 1,208 1,200 1,227 
Hispanic, alldegrees .................. 27,043 29,719 33,167 36,391 38,196 41,361 43,864 49.027 
Science and engineering................. 11,002 12,163 13,107 12,848 13,182 14,177 14,896 16,290 
i . sre evee ese daeeweees 2,271 2,634 2,958 2,979 2,964 2,849 2.859 3,010 
Math and computer sciences ............ 435 495 688 1,380 1,696 1,568 1,498 1,695 
Social & behavioral sciences*............ 7,006 7,479 7,641 6,302 5,968 7,199 8,028 9.019 
SCT Tee ee Teer eee 1,290 1,555 1,820 2,187 2,554 2,561 2,511 2,566 
Engineering technology ................. NA NA NA 525 664 634 784 731 
Native American, alldegrees ............ 3,328 3,410 3,593 4,246 3,866 3.967 4.212 4.486 
Science and engineering................. 1,368 1,411 1,430 1,500 1,409 1,361 1,416 1,519 
CS +. cet eeer eee eee en ees 338 296 298 313 259 265 262 298 
Math and computer sciences ............ 41 52 39 198 164 143 129 123 
Social & behavioral sciences*............ 854 899 898 780 776 776 879 940 
TTT TE TERETE LCT 135 164 195 209 210 177 146 158 
Engineering technology ................. NA NA NA 103 78 105 69 75 


(continued) 
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Appendix table 2-20. 
Earned bachelors degrees, by race/ethnicity/citizenship and field: 1977-91 


(page 2 of 2) 
Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991 
Foreign citizens 

ene beth baw a tee aes 15,744 17,853 22,631 29,258 28,592 26,457 26,553 29,657 

Science and engineering................. 8,486 10,039 13,282 14,249 13,838 12,479 12,489 12,879 
i eens os a 4 0 6 0 6 bed 2,042 2,061 2,251 2,132 1,786 1,744 1,736 1,941 
Math and computer sciences ............ 583 741 1,233 2,879 3,233 2,678 2,590 2,615 
Social & behavioral sciences?............ 2,287 2,473 2,835 3,048 2,930 2,985 3,246 3,741 
Ee ee 3,574 4,764 6,963 6,190 5,889 5,072 4,917 4,582 

Engineering technology ................. NA NA NA 1,277 986 659 727 712 


NA = not available 


NOTES: Data by racial/ethnic group were collected on a biennial schedule until 1990. Data are not available by racial/ethnic group for foreign citizens on temporary 
visas. Data by racial/ethnic group are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the 
National Science Foundation. 


‘The natural sciences include all physical, environmental, biological, and agricultural sciences. 
?The social and behavioral sciences include psychology, sociology, and other social sciences. 


SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees, by Race/Ethnicity of Recipients: 1977-91, Detailed 
Statistical Tables (Washington, DC: NSF, forthcoming). 
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Appendix table 2-21. 
Proportion of total bachelors degrees obtained in science and engineering, by race/ethnicity/citizenship: 1977-91 


1977 1979 1981 1985 1987 1989 1990 1991 
Percent 

Whites 
Total science and engineering............. 40.1 39.7 38.8 35.1 34.4 33.0 32.8 32.4 
ei ae kb kee we 6 10.9 10.6 9.8 7.7 6.8 6.0 5.8 5.7 
Math and computer sciences ............ 2.2 2.2 2.7 5.3 5.2 40 3.6 3.2 
Social and behavioral sciences........... 21.7 20.3 18.8 14.8 15.5 17.0 17.9 18.4 
ee 5.2 6.6 7.5 7.4 6.9 6.0 5.5 5.1 
Engineering technology ................. 0.0 0.0 0.0 2.0 2.0 1.9 1.8 1.6 

Asians 
Total science and engineering............. 47.2 48.8 50.6 52.6 53.6 51.6 51.8 50.0 
EAE ES 13.9 14.3 12.7 11.3 11.4 10.6 11.3 11.2 
Math and computer sciences ............ 3.4 3.8 5.6 11.5 10.9 8.7 7.9 7.0 
Social and behavioral sciences........... 21.1 18.8 16.1 12.4 13.8 16.1 16.7 16.9 
es eee ee Lia uh eee oka dee 8.7 12.0 16.2 17.5 17.5 16.2 15.8 14.9 
Engineering technology ................. 0.0 0.0 0.0 2.1 2.5 2.2 2.0 1.8 

Blacks 
Total science and engineering............. 39.4 38.7 39.1 32.9 34.4 33.9 33.9 33.8 
so 6 iw owe 6 065-480 048 5.8 5.9 5.9 5.4 5.2 48 47 4.7 
Math and computer sciences ............ 1.8 1.9 2.3 5.1 6.6 5.7 5.0 43 
Social and behavioral sciences........... 29.4 27.9 27.0 18.9 18.4 19.7 20.6 21.4 
6k tikes cs RERKORES) Coane ee 2.4 2.9 4.0 3.5 42 3.6 3.5 3.4 
Engineering technology ................. 0.0 0.0 0.0 2.2 2.3 2.1 2.0 1.9 

Hispanics 
Total science and engineering............. 40.7 40.9 39.5 35.3 34.5 34.3 34.0 33.2 
. . . sank sened bee be%es 8.4 8.9 8.9 8.2 78 6.9 6.5 6.1 
Math and computer sciences ............ 1.6 1.7 2.1 3.8 44 3.8 3.4 3.5 
Social and behavioral sciences........... 25.9 25.2 23.0 17.3 15.6 17.4 18.3 18.4 
ee ee 48 5.2 5.5 6.0 6.7 6.2 5.7 5.2 
Engineering technology ................. 0.0 0.0 0.0 1.4 1.7 1.5 1.8 1.5 
Native Americans 
Total science and engineering............. 41.1 41.4 39.8 35.3 36.4 34.3 33.6 33.9 
: <cckee ae 660086800085 10.2 8.7 8.3 7.4 6.7 6.7 6.2 6.6 
Math and computer sciences ............ 1.2 1.5 1.1 4.7 4.2 3.6 3.1 2.7 
Social and behavioral sciences. ......... 25.7 26.4 25.0 18.4 20.1 19.6 20.9 21.0 
EE Ck hh done 549 0nes oenehes 4.1 48 5.4 4.9 5.4 45 3.5 3.5 
Engineering technology ................. 0.0 0.0 0.0 2.4 2.0 2.6 1.6 1.7 
Foreign citizens 

Total science and engineering............. 53.9 56.2 58.7 48.7 48.4 47.2 47.0 43.4 
ee 13.0 11.5 9.9 7.3 6.2 6.6 6.5 6.5 
Math and computer sciences ............ 3.7 42 5.4 9.8 11.3 10.1 98 8.8 
Social and behavioral sciences........... 14.5 13.9 12.5 10.4 10.2 11.3 12.2 12.6 
Fe eee aaa 22.7 26.7 30.8 21.2 20.6 19.2 18.5 15.4 
Engineering technology ................. 0.0 0.0 0.0 44 3.4 2.5 2.7 2.4 


SOURCE: Computed from appendix table 2-20 
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Appendix table 2-22. 
Participation rates in science and engineering bachelors degrees, by race/ethnicity/citizenship: 1977-91 


1977 1979 1981 1985 1987 1989 1990 1991 
Percent 

Whites 
DO. ... sd neveavaseseauces 87.0 86.2 85.3 83.4 81.7 81.6 80.7 80.5 
Science and engineering................. 86.5 85.4 83.7 81.7 79.1 78.9 78.0 778 
PP QGIOMORS. . ww ccc ccccccesecss 89.8 88.8 87.3 84.0 81.1 80.2 788 78.2 
Math and computer sciences............. 87.4 85.3 83.4 80.0 75.2 73.5 72.4 72.1 
Social & behavioral sciences............. 85.2 84.2 83.1 82.9 81.2 81.5 80.5 80.4 
I. « » ocithte didi dd bee me oil 84.7 83.8 80.7 78.6 75.9 748 73.4 72.6 
Engineering technology ................. 0.0 0.0 0.0 81.2 80.4 80.4 79.6 78.1 

Asians 
Total, alifields ...................... 1.5 1.7 2.0 2.6 3.2 3.6 3.6 3.8 
Science and engineering................. 1.8 2.0 2.6 3.8 48 5.5 5.5 5.6 
FEE Sa a 2.0 2.3 2.7 3.8 5.3 6.3 6.9 7.1 
Math and computer sciences............. 2.3 28 4.0 5.4 6.2 7.1 7.1 7.3 
Social & behavioral sciences............. 1.4 1.5 1.7 2.1 28 3.5 3.3 3.5 
ee 2.4 3.0 4.1 5.8 7.5 9.1 9.3 10.0 
Engineering technology ................. 0.0 0.0 0.0 2.6 3.9 4.2 3.9 4.2 

Blacks 
Total, alifields ....................... 6.3 6.5 6.4 5.8 5.5 5.5 5.6 5.9 
Science and engineering................. 6.2 6.2 6.3 5.3 5.3 5.5 5.6 5.9 
oe ek ae en kd keke ees 3.5 3.7 3.9 4.1 42 44 45 46 
Math and computer sciences............. 5.2 5.6 5.2 5.4 6.5 7.0 7.0 7.0 
Social & behavioral sciences............. 8.4 8.7 9.0 7.4 6.5 6.4 6.4 6.8 
EE 2.8 28 3.2 2.6 3.1 3.1 3.2 3.6 
Engineering technology ................. 0.0 0.0 0.0 6.2 6.2 6.0 6.3 6.7 

Hispanics 
Total, alifields .......... 22.00.0000... 29 3.2 3.5 3.7 3.8 4.0 4.1 44 
Science and engineering................. 2.9 3.3 3.5 3.6 3.7 4.0 4.1 44 
a 2.3 2.7 3.3 3.9 43 45 45 46 
Math and computer sciences............. 2.1 2.4 2.6 2.5 3.0 3.4 3.5 42 
Social & behavioral sciences............. 3.4 3.9 4.2 43 3.8 4.1 4.2 44 
te eeehiekens o4kseenee nee 2.6 2.5 2.4 2.8 3.4 3.8 3.9 4.1 
Engineering technology ................. 0.0 0.0 0.0 2.6 3.2 3.2 4.1 4.0 
Native Americans 
I 6 6 ek eee sede eeeebeees 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Science and engineering................. 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
is aco es oe 60448 6800844 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5 
Math and computer sciences............. 0.2 0.3 0.1 0.4 0.3 0.3 0.3 0.3 
Social & behavioral sciences............. 0.4 0.5 0.5 0.5 0.5 0.4 0.5 0.5 
a hace ch eae ey eb bee sawene bs 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3 
Engineering technology ................. 0.0 0.0 0.0 0.5 0.4 0.5 0.4 0.4 
Foreign citizens 

NS 45504 40000090066060004 1.7 1.9 2.4 3.0 2.8 2.6 2.5 2.7 
Science and engineering................. 2.3 2.7 3.5 4.0 3.9 3.6 3.5 3.5 
CL < 6-64 66:2-600480064608. 2.1 2.1 2.5 2.8 2.6 28 28 3.0 
Math and computer sciences............. 2.8 3.6 47 5.3 5.7 5.8 6.1 6.5 
Social & behavioral sciences............. 1.1 1.3 1.6 2.1 1.9 1.7 1.7 1.8 
ties theieeeesddeeesnaere 7.2 76 9.2 8.0 7.9 76 7.6 7.4 
Engineering technology ................. 0.0 0.0 0.0 6.2 48 3.3 3.8 3.9 


SOURCE: Computed from appendix table 2-20. 
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Appendix table 2-23. 


Graduate enroliment in science and engineering, by sex and field: 1977-91 


Field 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total enroliment 
Science & engineering............ 312.011 308.627 320.016 326.683 333.005 339.765 348.315 350.755 359.554 369.047 373.762 376.821 384.691 395.298 415.240 
Natural sciences ............... 101.456 100.216 101.038 101.236 100.791 101.839 103.213 103.784 104347 105.803 105485 106.085 107.851 108486 113.242 
Math & computer sciences... . 25.177 25.002 26.741 28928 32343 36990 40996 43.269 47424 49364 50.661 51657 51936 54155 54.720 
Social & behavioral sciences ...... 116.596 114.748 120.430 122.054 120.113 116.988 112995 110922 111.623 111.740 113.727 115.920 120585 125.328 132.871 
EE odes he ae cade akan 68.782 68.661 71.807 74465 79.758 83.898 91.111 92.780 96.160 102.140 103.889 103.159 104319 107.329 114.407 
Male enroliment 
Science & engineering............ 234,016 226.978 230.498 232.117 232841 235.912 241.386 242.806 248.250 254318 256.513 255.088 258.011 262.104 273.529 
Natural sciences ............... 76.220 73.854 73.045 72.187 70827 70434 70.851 70.993 70902 71.461 70962 70.195 70606 70.292 72.263 
Math & computer sciences........ 19.493 19219 20389 21.756 23642 26466 29.144 31.190 34560 36.105 37.120 37.679 37999 39.779 40.158 
Social & behavioral sciences ...... 73,226 69.896 71.142 70,049 66368 63.907 60,071 58.184 57.788 57.077 57.504 57.262 58.762 59408 62.557 
i bce ceed ote wales 65.077 64,009 65922 68.125 72.004 75.105 81.320 82.439 85.000 89675 90927 89952 90644 92625 98.551 
Female enroliment 
Science & engineering............ 77.995 81.649 89518 94566 100.164 103.853 106.929 107.949 111.304 114729 117.249 121.733 126.680 133.194 141.711 
Natural sciences ............... 25.236 26.362 27.993 29.049 29964 31455 32362 32.791 33.445 34342 34523 35.890 37.245 38.194 40.979 
Math & computer sciences........ 5.684 5.783 6,352 7,172 8.701 10524 11852 12079 12864 13,259 13,541 13.978 13.937 14376 14,562 
Social & behavioral sciences ...... 43,370 44852 49.288 52005 53.745 53,081 52924 52738 53.835 54663 56.223 58658 61823 65920 70,314 
a i tl ia 3.705 4.652 5.885 6.340 7,754 8.793 9.791 10.341 11,160 12465 12,962 13.207 13.675 14,704 15,856 


SOURCE: Science Resources Studies Division, National Science Foundation. Academic Science and Engineering. Graduate Enroliment and Support. Fal! 1991. Detailed Statistical Tables. NSF 93-309 (Washington. DC 


NSF. 1993) 
See figure 2-14 
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Appendix table 2-24. 
Graduate enroliment in science and engineering, by race/ethnicity/citizenship and field: 1983-91 
Field 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total enroliment 
Total science and engineering .... 348.315 350,755 359554 369.047 373,762 376.821 384.691 395.298 415.240 
Natural sciences............ 103.213 103,784 104.347 105.803 105,485 106,085 107.851 108,486 113,242 
Math and computer sciences ._. 40,996 43,269 47.424 49 364 50.661 51,657 51,936 54,155 54.720 
Social and behavioral sciences... 112,995 110,922 111,623 111,740 113,727 115.920 120585 125.328 132,871 
EE «sna ns peek duces 91,111 92.780 96.160 102.140 103,889 103,159 104319 107,329 114,407 
White enroliment 
Total science and engineering . 225.313 223.420 224177 227,998 229,011 229.950 231,001 237,686 245.172 
Natural sciences............ 74,538 74,244 72,170 71,885 69.496 69,169 68,545 68,341 69,989 
Math and computer sciences .... 23,762 23,942 25,367 26,015 26.799 27.653 26,634 27,864 27,119 
Social and behavioral sciences... 78,318 75,809 76,249 77,017 79,000 80,621 84,244 88.357 93,044 
Tv ccanueeeeeses<4 48,695 49,425 50,391 53,081 53,716 52,507 51,578 53,124 55,020 
Asian enroliment 
Total science andengineering.... 9,368 10,185 12,024 12,788 14,590 15,182 15,682 17,039 18,217 
Natural sciences............. 2,389 2,535 2.727 2,771 3,061 3,450 3,581 3,874 4,305 
Math and computer sciences .... 1,663 1,816 2,475 2.767 3,232 3,446 3,449 3,679 3,704 
Social and behavioral sciences. . . 1,911 2,019 2,010 2,127 2,441 2.370 2.659 2.789 3,005 
PT i. 6ceeheaeeaens és 3,405 3,815 4,812 5,123 5,856 5,916 5,993 6.697 7,203 
Black enroliment 
Total science and engineering .... 10,980 10,724 10,534 10,471 10,443 11,216 11,800 12,635 13,696 
Natural sciences............. 1,983 2,004 1,993 1,839 1,821 1,980 2,097 2,137 2,311 
Math and computer sciences .... 967 954 1,017 1,135 1,191 1,247 1,299 1,472 1,605 
Social and behavioral sciences... 6,637 6,306 6,115 6,024 6,009 6,469 6,765 7,228 7,746 
wi 6 666 COk Een Oe 1,393 1,460 1,409 1,473 1,422 1,520 1.639 1,798 2.034 
Hispanic enroliment 
Total science andengineering.... 8,901 8,692 8,623 8.659 8,812 9,093 9,464 10,132 11,168 
Natural sciences............. 1,922 1,895 2,097 2.123 2,075 2.230 2,394 2,360 2.576 
Math and computer sciences .... 612 584 743 715 810 845 851 920 978 
Social and behavioral sciences... 4,926 4.713 4,303 4,218 4,199 4,301 4,508 4,960 5.435 
FI ee 1,441 1,500 1,480 1,603 1,728 1,717 1,711 1,892 2,179 
Native American enroliment 
Total science and engineering .... 915 831 740 746 786 926 864 1,048 1,201 
Natural sciences............. 224 207 169 198 183 220 180 251 329 
Math and computer sciences .... 53 70 78 51 75 72 75 63 62 
Social! and behavioral sciences. . . 457 362 371 366 404 490 485 583 621 
Faery 181 192 122 131 124 144 124 151 189 
Foreign citizen enroliment 
Total science and engineering .... 70,381 72,297 76,853 84.035 88 806 93,849 98.272 101,835 108 408 
Natural sciences............. 18,286 18.853 20,360 22,729 24,487 26,220 28.166 29.478 31,342 
Math and computer sciences .... 10,502 11,552 12,803 13,816 14,857 15,422 16,337 17,356 18,021 
Social and behavioral sciences... 14,105 14,006 14,836 15.479 16,082 16.878 16.959 17,034 17.726 
eer ee 27,488 27 886 28,854 32,011 33,380 35,329 36.810 37 967 41,319 


NOTE The natural sciences include all physical. environmental. biological. and agricultural sciences The social and behavioral sciences include psychology 
sociology. and other social sciences 


SOURCE Science Resources Studies Division. National Scrence Foundation. Academic Science and Engineering. Graduate Enroliment and Support. Fall 1991 
Detailed Statistical Tables. NSF 93-309 (Washington. DC NSF. 1993) 


See figures 2-15 and 2-16 
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Appendix table 2-25. g 
Earned masters degrees, by sex and fieid: 1975-91 


(page 1 of 2) a 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total,alidegrees ..._—_—.. 293.651 313.001 318.241 312.816 302.075 299.095 296.798 296.580 290.931 285.462 287.213 289.829 290.532 300.091 311.050 324.947 338.498 
| 
Science and engineering... 63.198 65.007 67.397 67.264 64.226 64,089 64.366 66.568 67.716 68.564 70.562 71.831 72603 73.655 76.425 77.788 78.368 | 
Natural sciences........ 14.831 14684 15.360 15546 15443 14832 14349 14702 14380 14231 13972 13910 13400 13.184 13.218 12928 12.682 | 
in oe w+ 6 4298 3.880 3.641 3.713 3.650 3408 3366 3.491 3.285 3544 3605 3649 3574 3.708 3876 3805 3/777 
Environmental ........ 1,503 1.581 1,659 1832 1.777 1.793 1876 2012 1959 1982 2160 2234 2.051 1926 1819 1596 1,499 


Biological & agricultural.. 9.030 9.223 10,060 10.001 10016 9631 9107 9199 9,136 8.705 8207 8027 7.775 7.556 7523 7527 7406 
Math/computer sciences... 6.637 6.466 6.496 6.421 6.101 6.515 6.787 7.666 8160 8939 9989 11.241 11808 12600 12829 13327 12.956 


Mathematics ........ 4338 3863 3698 3.383 3046 2868 2569 2.731 2839 2.749 2888 3.171 3327 3434 3430 3.684 3,632 
Computer science...... 2.299 2603 2.798 3.038 3.055 3647 4218 4935 5321 6190 7.101 8070 8481 9166 9.399 9643 9,324 
Social &“ehav.sci...... 26563 27.812 29529 29.217 27.403 26.799 26.779 26.643 26.290 25.249 25.629 25.584 25.325 25.145 26635 27538 28.717 
Psychology .......... 7.104 7.859 8320 8194 8031 7.861 8039 7.849 8439 8.073 8481 8363 8165 7925 8652 9308 9,802 
Social science ....... 19.459 19.953 21.209 21.023 19.372 18938 18740 18794 17851 17.176 17,148 17.221 17.160 17.220 17.983 18230 18.915 
Engineering... ... «45.167 16.045 16.012 16.080 15.279 15.943 16.451 17.557 18886 20.145 20.972 21.096 22.070 22,726 23,743 23.995 24.013 
Engineering technology ... 371 493 505 579 496 510 532 636 622 694 «816 925 £883 980 1135 1194 1,188 
Male, all degrees 162.115 167.745 168,210 161,708 153.772 151.159 147.431 145,941 145.114 143,998 143,716 143.932 141.655 145.403 149,399 154,025 156.895 
Science and engineering... 49.410 43.992 50.899 50.034 46.614 46,004 45505 46.557 46.718 47.033 48232 48.611 48,759 49.820 50.845 51.230 50.441 
Natural sciences........ 11.709 11.388 11.633 11,583 11.223 10.729 10.222 10.200 9814 9513 9290 9133 8652 8562 8383 8052 7.794 
Physical........... 3645 «493.275 «2981 3.060 2971 2770 2691 2.744 2600 2698 2775 2.736 2684 2817 2836 2.754 2,703 
Environmental........ 1309 1361 1433 1542 1.467 1457 1470 1560 1515 1517 1639 1,717 1531 1433 1.337 1218 1,116 


Biological & agricultural . 6.755 6.752 7219 6981 6785 6502 6,061 5896 5699 5298 4876 4680 4437 4312 4210 4080 3.975 
Math computer sciences . 4.871 4776 4.730 4704 4469 4715 4939 5446 5672 6174 6,941 7.713 8.011 8.759 8833 9176 8.709 


Mathematics 2910 2550 2.398 2.233 1,989 1832 1692 1.821 1859 1.795 1877 2055 2026 2057 2060 2208 2.146 
Computer science . 1,961 2.226 2.332 2.471 2.480 2.883 3.247 3.625 3813 4379 5064 5658 5985 6702 6773 6968 6563 
Social & behav. sci 18.035 18.351 19.222 18510 16580 15.740 15.222 14929 14101 13.301 13.273 13.069 12796 12581 12968 13276 13,262 
Psychology ( 4059 4188 4316 3.931 3.688 3.397 3,371 3.228 3.254 2980 3064 .937 2838 2599 2814 3025 2994 
Social science 13.976 14.163 14906 14579 12892 12343 11.851 11.701 10847 10321 10209 10.132 9958 9982 10,154 10251 10.288 
Engineering 14.795 15.477 15314 15.237 14342 14820 15.122 15.982 17.131 18045 18728 18696 19300 19.918 20,661 20726 20.656 
Engineering technology ... 281 424 389 480 371 42. 380 486 519 580 674 710 678 738 892 888 888 
(continued) 
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Earned masters degrees, by sex and field: 1975-91 
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Sex and field 


1975 


1976 


1977 1978 1979 1980 1981 1982 1983 1984 1985 


1986 


1987 


1988 


1989 


1990 


1991 


Female, alldegrees .... 


Science and engineering. . . 
Natural sciences....... 
Ee 
Environmental ....... 
Biological & agricultural. . 
Math/computer sciences . . 
Mathematics ........ 
Computer science...... 
Social & behav. sci. ..... 
Payoneiegy .......... 
Social science ........ 
Engineering........... 
Engineering technology .. . 


131,536 145,256 


13,788 
3,122 


15.015 
3,296 
605 
220 
2,471 
1,690 
1,313 
377 
9,461 
3,671 
5,790 
268 
69 


150,031 151,108 148,303 147,936 149,367 150,639 145.817 141,464 143,497 145.897 148.877 154,688 161,651 170,922 181,603 


16,498 17,230 17,612 18,085 18861 20,011 20,998 21,531 22,330 
3,727 3,963 4220 4103 4,127 4502 4566 4.718 4682 
660 653 679 638 675 747 685 846 830 
226 290 310 336 406 452 sae 465 521 
2,841 3,020 3,231 3,129 3,046 3303 3437 3,407 3,331 
1,766 1.717 1,632 1800 1848 2220 2488 2,765 3,048 
1,300 1,150 1,057 1,036 877 910 980 954 1,011 
466 567 575 764 971 1.310 1,508 £1,811 2,037 
10,307 10,707 10823 11,059 11,557 11,714 12,189 11.948 12,356 
4,004 4.263 4343 4464 4668 4,621 5,185 5,093 5,417 
6,303 6444 6480 6595 6889 7.093 7,004 6855 6,939 
698 843 937 1,123 1,329 1,575 1,755 2100 2,244 
116 99 125 86 152 150 103 114 142 


23,220 
4.777 
913 
517 
3,347 
3,528 
1.116 
2.412 
12,515 
5,426 
7,089 
2,400 
215 


23,844 
4.748 
890 
520 
3,338 
3,797 
1,301 
2,496 
12,529 
5,327 
7,202 
2,770 
205 


23,835 
4,622 
891 
487 
3,244 
3.841 
1,377 
2,464 
12,564 
5,326 
7,238 
2,808 
242 


25,580 
4.835 
1,040 

482 
3,313 
3,996 
1.370 
2,626 

13,667 
5,838 
7,829 
3,082 

243 


26,558 
4.876 
1,051 

378 
3,447 
4,151 
1.476 
2,675 

14,262 
6,283 
7,979 
3,269 

306 


27,927 
4.888 
1,074 

383 
3,431 
4,247 
1,486 
2,761 

15,435 
6,808 
8,627 
3,357 

300 


SOURCES: National Center for Education Statistics, U.S. Department of Education, Earned Degrees and Completion Surveys; and Science Resources Studies Division, National Science Foundation, unpublished 


tabulations. 
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Appendix table 2-26. 


Earned masters degrees, by race/ethnicity/citizenship and field: 1977-91 


(page 1 of 2) 


Appendix A. Appendix Tables 


Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991 
Total, alidegrees..................... 318,241 302,075 296,798 287,213 290,532 311,050 324,947 338,498 
Science and engineering................. 83,475 79,785 79,869 80,630 83,515 87,783 89,826 91,126 
I. wo eeece se ecesceees 16,234 16,350 15,332 14,045 13,461 13,260 12,966 12,713 
Math and computer sciences ............ 6,496 6,101 6,787 9,989 11,808 12,829 13,327 12,956 
Social & behavioral sciences*............ 44,494 41.824 41,034 35,661 36,189 37,959 39,548 41,450 
ia tn ke batik es 5 baw e 16,251 15,510 16,716 20,935 22,057 23,735 23,985 24,007 
Engineering technology ................. NA NA NA 816 883 1,135 1,194 1,188 

U.S. citizens and permanent residents 

White, alldegrees..................... 266,109 249,401 241,255 223,649 216,807 230322 236,874 247,524 
Science and engineering................. 66,661 62,158 60,407 56,101 55,790 56,864 57,606 58,435 
I, cee cceesececevens 13,405 13,282 12,411 10,559 9,623 9,262 8,722 8,300 
Math and computer sciences ............ 5,256 4,625 4,708 6,176 6,729 6,818 7,020 6,705 
Social & behavioral sciences?............ 36,556 34,169 33,141 27,180 26,601 27,952 29,005 30,795 
ee 11,444 10,082 10,147 12,186 12,837 12,832 12,859 12,635 
Engineering technology ................. NA NA NA 526 581 802 823 830 
Asian, alldegrees..................... 5,145 5,519 6,304 7,805 8,129 10,174 9,994 11,070 
Science and engineering................. 2,021 2,232 2,481 3,543 3,745 4,482 4,393 4,676 
Cn takes tended adeee 64 388 469 365 450 464 545 504 532 
Math and computer sciences ............ 198 253 376 779 962 1,072 1,125 1,203 
Social & behavioral sciences*............ 698 660 661 763 669 873 901 933 
Cites ekised nade eeeveesces 737 850 1,079 1,551 1,650 1,992 1,863 2,008 
Engineering technology ................. NA NA NA 25 46 40 79 60 
Black, alldegrees..................... 21,041 19,422 17,152 13,960 13,173 13,455 14,473 15,857 
Science and engineering................. 4,197 4,042 3,695 3,152 3,223 3,151 3,559 3,825 
66th eee bee bee enees 351 382 351 290 301 238 225 261 
Math and computer sciences ............ 200 136 137 233 280 257 302 383 
Social & behavioral sciences*............ 3,406 3,278 2,947 2,299 2,239 2.301 2,645 2,783 
Ci 660046 640440444004 4000% 240 246 260 330 403 355 387 398 
Engineering technology ................. NA NA NA 37 42 55 44 47 
Hispanic, alldegrees .................. 7,071 6,470 7,439 7,730 7,781 8,133 8,495 9,684 
Science and engineering................. 2,078 1,702 2,052 2,231 2,291 2,339 2,321 2,575 
CE, 2: beedetasoveeedcees 245 227 251 332 310 266 262 281 
Math and computer sciences ............ 91 61 102 149 183 178 169 213 
Social & behavioral sciences*............ 1,491 1,199 1,414 1,404 1,286 1,427 1,444 1,613 
CS ee ee ee eee ee 251 215 285 346 512 468 446 468 
Engineering technology ................. NA NA NA 6 17 10 9 19 
Native American, alldegrees ............ 968 999 1,034 1,257 1,049 1,082 1,050 1,125 
Science and engineering................. 225 246 257 313 270 302 258 294 
Es Si Ges d ees eccecescees 48 50 33 45 23 41 31 34 
Math and computer sciences ............ 15 os 19 48 25 45 13 23 
Social & behavioral sciences*............ 139 148 174 173 184 183 179 197 
CE ee 23 24 31 47 38 33 35 40 
Terre TTT Tr NA 2 26 2 5 3 


Engineering technology ..... 
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1977 1979 1981 1985 1987 1989 1990 1991 
Foreign citizens 

EEE RE a a a a ra 17,345 19,427 22,058 26,952 28,264 32,123 34,602 37,611 

Science and engineering................. 8,282 9,111 10,468 13,132 13,764 15,949 17,077 17,841 
I cee eeeeeeeess 1,797 1,895 1,864 2,178 2,132 2,504 2,732 2,856 
Math and computer sciences ............ 736 937 1,368 2,394 2,903 3,418 3,598 3,878 
Social & behavioral sciences*............ 2,204 2,319 2,673 2,866 2,948 3,280 3,508 3,587 
ee tle oe 6 4b a 8 oes aa 3,545 3,960 4,563 5,694 5,781 6,747 7,239 7,520 

Engineering technology ................. NA NA NA 124 127 131 162 172 


NA = not available 


NOTES: Data by racial/ethnic group were collected on a biennial schedule until 1990. Data are not available by racial/ethnic group for foreign citizens on temporary 
visas. Data by racial/ethnic group are collected by broad fields of study only; therefore, these data cannot be adjusted to the exact field taxonomies used by the 


National Science Foundation. 


‘The natural sciences include all physical, environmental, biological, and agricultural sciences. 


The social and behavioral sciences include psychology, sociology, and other social sciences. 
SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees, ' y Race/Ethnicity of Recipients: 1977-91, Detailed 


Statistical Tabies (Washington,DC: NSF, forthcoming). 
See text table 2-7. 
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Earned doctoral degrees, by sex and field: 1975—91 


¢ v8Z 


(page 1 of 2) 
Sex and field 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total, alldegrees....... 32,952 32,946 31,716 30,875 31,239 31,020 31,357 31,111 31,282 31,337 31.297 31,895 32,363 33.490 34318 36,057 37.451 
Science and engineering... 18,924 18608 18,077 17,614 17,753 17,668 18.143 18190 18506 18641 18824 19339 19.784 20832 21625 22.763 23,854 
Natural sciences........ 8.103 7,863 7,676 7,601 7,817 7,864 7996 8195 8195 8336 8.437 8.484 8655 9173 9185 9766 10,152 
Physical science....... 3,076 2861 2,721 2,611 2,674 2,521 2627 2694 2815 2,851 2.934 3,120 3,238 3351 3.261 3,523 3.623 
Environmental ........ 625 641 689 621 642 628 583 657 624 608 599 559 602 695 723 738 816 


Biological & agricultural.. 4402 4,361 4,266 4,369 4,501 4715 4786 4844 4756 4877 4904 4805 4815 5127 5,201 5,505 5,713 
Math/computer sciences.. 1,360 1,247 1,149 1,034 979 962 960 940 987 993 998 1,128 1,190 1,264 1,471 1,597 1,837 


Mathematics ......... 1,147 1,003 933 838 769 744 728 720 701 698 688 729 740 749 859 892 1,040 
Computer science...... 213 244 216 196 210 218 232 220 286 295 310 399 450 515 612 705 797 
Social & behav. sci. ..... 6.450 6660 6,604 6.554 6463 6363 6659 6409 6543 6399 6223 6,351 6.227 6207 6425 6,507 #£46,653 
+. s4ee6eee 2,751 2,883 2,990 3,055 3,091 3,098 3358 3159 3347 3257 3.117 3124 3,169 3,064 3203 3,269 3,240 
Social science ........ 3,699 3,777 3,614 3.499 3372 3,265 3301 3250 3,196 3142 3,106 3227 3,058 3,143 3222 3,238 $3,413 
mngineering........... 3,011 2838 2,648 2425 2494 2479 2528 2646 2,781 2.913 3,166 3376 3.712 4188 4544 4893 5,212 
Male, alidegrees ....... 25,751 25,262 23,858 22,553 22302 21,612 21,465 21,018 20,749 20,638 20553 20591 20938 21,678 21811 22954 23,224 
Science and engineering... 16,005 15,525 14878 14,200 14,050 13,753 14,000 13883 13,856 13.902 13,984 14225 14531 15.226 15581 16,447 16,895 
Natural sciences........ 6,960 6,704 6,530 6.335 6436 6328 6410 6443 £6,361 6.483 6453 6427 6484 6780 6649 7,102 7,340 
Physical science....... 2812 2617 2,477 2,364 2,382 2,199 2318 2337 2442 2452 2467 2610 2.710 2,784 2642 2862 2,957 
Environmental ........ 595 579 630 560 584 564 527 554 529 502 491 464 490 560 575 597 638 


Biological & agricultural.. 3,553 3,508 3,423 3,411 3.470 3565 3565 3552 3390 3529 3495 3353 3,284 3436 3432 3643 3,745 
Math/computer sciences.. 1,237 1,111 1,008 899 833 846 822 824 838 841 859 959 1,000 1,087 1208 1,329 1,527 


Mathematics ......... 1,038 890 811 718 650 649 616 624 588 583 582 608 615 628 704 734 846 
Computer science...... 199 221 197 181 183 197 206 200 250 258 277 351 385 459 504 595 681 
Social & behav. sci. ..... 4849 4927 4,766 4594 4349 4190 4339 4094 4000 3816 3,704 3688 3577 3457 3555 3538 3,438 
Payoneiggy .......... 1878 1,937 1,902 1,928 1,831 1,787 1885 1,721 1,750 1626 # 1,576 1526 1,474 1,388 1406 £1,362 1,256 | 
Social science ........ 2,971 2990 2,864 2,666 2518 2403 2454 2373 2250 2,190 2128 2162 2103 2069 2149 2176 2,182 
a ee 2,959 2,783 2,574 2,372 2432 2,389 2,429 2522 2657 2,762 2,968 3,151 3,470 3902 4,169 4,478 4,590 | 


AF: Y | (continued) | 
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Appendix table 2-27. 


Earned doctorai degrees, by sex and field: 1975-91 


(page 2 of 2) 
Sex and fieid 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Female, alidegrees .__ . 7,201 7,684 7.858 8,322 8.937 9408 9892 10093 10533 10.699 10,744 11304 11425 11812 12,507 13,102 13,765 
Science and engineering... 2,919 3,083 3.199 3,414 3,703 3.915 4,143 4,307 4.650 4.739 4,840 5.114 5.253 5.606 6.044 6.316 6,789 
Natural sciences........ 1.143 1.159 1,146 1.266 1,381 1,536 1,586 1.752 1,834 1.853 1,984 2,057 2.171 2,393 2.536 2.664 2,812 
Physical science....... 264 244 244 247 292 322 309 357 373 399 467 510 528 567 619 661 666 
Environmental ........ 30 62 59 61 58 64 56 103 95 106 108 95 112 135 148 141 178 
Biological & agricultural. . 849 853 843 958 1,031 1,150 1,221 1,292 1,366 1,348 1,409 1,452 1,531 1,691 1,769 1,862 1,968 
Math/computer sciences . . 123 136 141 135 146 116 138 116 149 152 139 169 190 177 263 268 310 
Mathematics ......... 109 113 122 120 119 95 112 96 113 115 106 121 125 121 155 158 194 
Computer science... ... 14 23 19 15 27 21 26 20 36 37 33 48 65 56 108 110 116 
Social & behav. sci. ..... 1,601 1,733 1,838 1,960 2,114 2.173 2,320 2,315 2,543 2.583 2.519 2,663 2,650 2,750 2,870 2,969 3,215 
Payohology .......... 873 946 1,088 1,127 1,260 1,311 1,473 1,438 1,597 1,631 1,541 1,598 1,695 1,676 1,797 1,907 1,984 
Social science ........ 728 787 750 833 854 862 847 877 946 952 978 1,065 955 1,074 1,073 1,062 1,231 
Engineering........... 52 55 74 53 62 90 ere] 124 124 151 198 225 242 286 375 415 452 


SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Doctorates: 1960-91. Detailed Statistical Tables, NSF 93-301 (Washington, DC: NSF, 1993). 
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Appendix table 2-28. 
Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-91 


(page 1 of 2) 
Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991 
Total’ 
Total, alidegrees ..................... 31,716 31,239 31,357 31,297 32.363 34,318 36,057 37,451 
Science and engineering................. 8.016 17,872 18,258 18,935 19.890 21,727 22.857 23,979 
Natural sciences?........... renee ete 6,622 7,817 7,996 8,437 8,655 9.185 9.766 10,152 
Math and computer sciences............. 1,618 979 960 998 1,190 1,471 1,597 1,837 
Social and behavioral sciences*®........... 7,135 6,463 6,659 6.223 6,227 6,425 6,507 6,653 
CN i i i dee wae 2,633 2,494 2,528 3,166 3,712 4,544 4,893 5,212 
Total U.S. citizens and permanent residents 
Total, alidegrees..................... 27,487 26,784 26,342 24,694 24,561 25,026 26,581 26,535 
Science and engineering................. 14,889 14,711 14,655 14,065 14,055 14,592 15,346 15,360 
EE 6,427 6,604 6,641 6,634 6,450 6,628 6,942 6,898 
Math and computer sciences............. 769 778 713 631 671 824 825 935 
Social and behavioral sciences®........... 5886 5712 5830 5206 5021 4911 5239 5169 
A ec hee he cheek een ee 1,799 1,617 1,471 1,594 1,913 2,229 2,340 2,358 
White, alidegrees....... ............. 23,654 22,396 22,470 21,297 21,116 21,569 22,862 22,604 
Science and engineering................. 12,875 12,314 12,573 12,166 12,051 12,501 13,156 12,983 
a al aa ek as re 5,598 5,620 5,771 5,902 5,662 5,800 6,078 5,993 
Math and computer sciences............. 671 658 610 527 548 688 711 758 
Social and behavioral sciences®?........... 5,177 4,879 5,099 4,549 4,383 4,287 4,531 4,444 
Te dcekhenckandeshccsees 1,429 1,157 1,093 1,188 1,458 1,726 1,836 1,788 
Asian, alidegrees..................... 910 1,102 1,073 1,069 1,167 1,261 1,302 1,491 
Science and engineering................. 745 884 827 809 924 981 1,006 1,157 
eS oe tis ow i 342 377 344 346 369 400 411 462 
Math and computer sciences............. 42 55 56 50 67 76 75 122 
Social and behavioral sciences®’........... 112 146 142 132 161 145 163 172 
SEE re re 249 306 285 281 327 360 357 401 
Black, alidegrees..................... 1.194 1,114 1,110 1,043 907 962 1,046 1,082 
Science and engineering................. 344 347 346 374 319 366 371 431 
i eee eke ef 85 84 89 100 95 105 98 108 
Math and computer sciences............. 10 12 11 10 13 9 5 19 
Social and behavioral sciences®........... 234 231 227 230 186 219 228 249 
RS Kuh 66s t404 60 RONee 40 4E28 15 20 19 34 25 33 40 55 
Hispanic, alldegrees .................. 474 539 526 634 709 694 835 843 
Science and engineering................. 194 231 239 296 357 384 465 478 
es tink 6 chad en wee &0 es 74 83 92 107 138 158 196 187 
Math and computer sciences............. 10 12 5 18 15 15 15 20 
Social and behavioral sciences’........... 88 112 126 149 170 163 200 212 
DC £chs chee ategeedsorseaen es 22 24 16 22 34 48 54 59 
Native American, alidegrees ........... 66 81 85 96 115 94 96 130 
Science and engineering................. 31 29 28 41 53 53 42 56 
i ee eee th oy 60d ek 0 14 6 8 21 20 25 12 27 
Math and computer sciences............. 1 1 1 0 3 2 1 1 
Social and behavioral sciences’........... 15 19 15 19 23 19 25 22 
Dn <eksbeAbd 5066646846 44008004 1 3 4 1 7 7 4 6. 
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Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-91 
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Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991 
Foreign citizen 

Total, alidegrees .................... 3,448 3,587 3,940 5,228 5.610 6.647 8,074 8,852 

Science and engineering................. 2,675 2.689 2,983 4.048 4 468 5,392 6,555 7,281 
EEA Rare en a 1,079 1,046 1,140 1,518 1,704 1,975 2,531 2.843 
Math and computer sciences............. 170 181 226 327 445 524 695 818 
Social and behavioral sciences®........... 651 645 675 784 787 952 1,056 1,147 
EE a ee 775 817 942 1,419 1,532 1,941 2.273 2,473 

Unknown citizenship 

Total, alldegrees..................... 781 868 1,075 1,375 2,192 2,645 1,402 2,064 

Science and engineering................. 452 472 620 822 1,367 1,743 956 1,338 
EEE are 170 167 215 285 501 582 293 411 
Math and computer sciences............. 25 20 21 40 74 123 77 84 
Social and behavioral sciences®........... 183 225 269 344 525 664 306 462 
ee er 74 60 115 153 267 374 280 381 


NOTES. Data by racial/ethnic group were collected on a biennial schedule until 1990. Data are not available by racial/ethnic group for foreign citizens on temporary 
visas. Data by racial/ethnic group are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the 
National Science Foundation 


‘Includes ali doctorates awarded to U.S. citizens and permanent residents, temporary residents, and persons whose citizenship is unknown 
“The natural sciences include all physical. environmental. biological, and agricultural sciences. 
‘The social and behavioral sciences include psychology. sociology, and other social sciences 


SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Doctorates: 1960-91, Detailed Statistical Tables, NSF 93-301 
(Washington, DC: NSF, 1993). 
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Foreign doctoral recipients from U.S. universities who pian to stay in the United States, by field and region country of origin: 1980, 1990, and 1991 


(page 1 of 4) 
1980 1990 1991 
Total Ph.D. _—~ Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Pian to stay Firm plans to stay 
Region country recipients inUS. in US. recipients NnUS inUS. recipients nUS NUS. 
All fields 
eae oe i dae 1.509 787 52.2% 650 43.1% 5.279 2.390 45.3% 1.732 32.8% 6.138 3.625 59.1% 2.289 37.3% 
rey 303 168 55.4% 135 446% 1,090 651 59.7% 456 418% 1.710 1408 82.3% 858 502% 
3a 455 280 61.5% 236 519% 1,145 476 416% 314 274% 1.280 634 49.5% 365 28.5% 
Japan ~ fa reer ee ee 92 30 32.6% 24 26.1% 186 73 39.2% 55 29.6% 157 65 41.4% 44 28.0% 
South Korea........... 158 68 43.0% 56 35.4% 1.257 367 29.2% 272 21.6% 1.333 452 33.9% 284 21.3% 
Err 420 292 69.5% 236 56.2% 877 585 66.7% 469 53.5% 883 686 77.7% 515 58.3% 
IR oo cat ina dean 384 117 30.5% 98 25.5% 724 238 32.9% 166 22.9% 775 380 49.0% 223 28.8% 
Science and engineering 
| ES 1,237 729 58.9% 590 47.7% 4.367 2.108 48.3% 1.505 34.5% 5.156 3.208 62.2% 2.015 39.1% 
Di ++. tatkwaes oat 290 162 55.9% 135 46.6% 1,017 616 60.6% 434 42.7% 1.596 1.323 82.9% 807 50.6% 
I fo as ts ee dle kl 423 266 62.9% 224 53.0% 1,009 450 446% 299 29.6% 1.082 577 53.3% 344 31.8% 
SERGE ne 69 25 36.2% 19 27.5% 147 60 40.8% 48 32.7% 120 50 41.7% 35 29.2% 
South Morea........... 131 64 48.9% 54 41.2% 970 307 31.6% 226 23.3% 1,067 389 36.5% 242 22.7% 
Ee eee 369 265 71.8% 212 57.5% 705 466 66.1% 370 52.5% 719 552 768% 406 56.5% 
DUPED «cose ceeeens 275 109 39.6% 92 33.5% 560 209 37.3% 143 255% 579 317 54.7% 181 31.3% 
Natural science 
eke 590 341 57.8% 274 464% 2.236 1.183 52.9% 898 40.2% 2.593 1.803 69.5% 1.208 46.6% 
ere ree 196 118 60.2% 99 50.5% 675 423 62.7% 323 47.9% 1.105 924 83.6% 611 55.3% 
rere 227 141 62.1% 118 52.0% 457 221 48.4% 153 33.5% 408 246 60.3% 151 37.0% 
es 20 12 60.0% 8 40.0% 58 31 53.4% 25 43.1% 45 25 55.6% 17 37.8% 
South Korea........... 46 26 56.5% 20 43.5% 407 168 41.3% 134 32.9% 415 186 448% 131 31.6% 
rere TTT 155 105 67.7% 80 516% 317 220 69.4% 180 56.8% 295 225 76.3% 174 59.0% 
ee 142 57 40.1% 48 33.8% 322 120 37.3% 83 258% 325 197 606% 125 38.5% 
Social science 
PiDMisentetetechenens 153 56 36.6% 34 22.2% 534 170 31.8% 105 19.7% 651 258 39.6% 160 24.6% 
Ps + ck¢eneneenees 10 5 50.0% 4 40.0% 53 31 58.5% 21 39.6% 76 58 76.3% 29 38.2% 
Dh cca sees coduced 24 11 45.8% 10 41.7% 78 22 28.2% 12 15.4% 101 38 376% 31 30.7% 
Pe pwseeeeeeedeens 22 6 27.3% 6 27.3% 72 24 33.3% 19 26.4% 47 18 38.3% 12 25.5% 
South Korea........... 44 13 29.5% 10 22.7% 204 36 176% 26 12.7% 240 55 22.9% 33 13.8% 
ee 30 17 56.7% 11 36.7% 75 36 48.0% 29 38.7% 86 56 65.1% 42 488% 
ee 53 9 17.0% 2 3.8% 52 21 40.4% 2 3.8% 60 33 55.0% 13 21.7% 
(continued) 
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Foreign doctoral recipients from U.S. universities who plan to stay in the United States, by field and region/country of origin: 1980, 1990, and 1991 
(page 2 of 4) 
1980 1990 1991 

TotaiPh.D. Plan to stay Firm plans to stay Total Ph_D. Pian to stay Firm plar= to stay Total Ph_D Pian to stay Firm plans to stay 

Region country recipients mUsS NUS recipients mUS nUS recipients nUS nUS 
Engineering : 
EB ae 494 332 672% 282 57.1% 1.597 755 47.3% 502 314% 1.912 1.147 60.0% 646 33.8% 
China’ . 84 390 464% 32 38.1% 289 162 56.1% 90 31.1% 415 341 822% 167 40.2% 
Re 172 114 66.3% 96 55.8% 474 207 43.7% 134 283% 573 293 51.1% 162 28.3% 
Re SRR PN eee 27 7 259% 5 18.5% 17 5 29.4% 4 23.5% 28 7 25.0% 6 214% 
DR, <. + oc enh ’ 41 25 61.0% 24 58.5% 353 103 28.7% 66 184% 412 148 35.9% 78 189% 
ROS Sa ee 164 143 77.7% 121 658% 313 210 67.1% 161 514% 338 271 802% 190 56.2% 
Other Asia...._.. 70 43 614% 36 514% 145 68 46.9% 47 324% 146 87 596% 43 295% 
All fields 
0 SR eee 501 232 46.3% 213 425% 1.092 540 49.5% 411 376% 1.273 735 57.7% 532 418% 
Greece ....... 72 67 93.1% 28 38.9% 137 67 48.9% 50 36.5% 175 94 537% 66 37.7% 
United Kingdom _. 129 76 58.9% 70 543% 171 119 696% 90 526% 196 140 714% 100 510% 
Germany . ee eee 51 21 41.2% 18 35.3% 169 85 503% 65 385% 175 109 623% 80 457% 
aes 19 7 38% 6 316% 88 35 39.8% 24 27.3% 111 55 495% 43 387% 
France... .. 32 12 37.5% 12 375% 93 41 441% 30 32.3% 104 55 529% 40 385% 
Spain. es ee 29 13 448% 12 414% 73 27 37.0% 24 329% 98 52 53.1% 39 398% 
Other Europe 169 36 213% 67 396% 361 166 46.0% 128 355% 414 230 55.6% 164 396% 
Science and engineering : 
Europe ....... 359 177 49.3% 162 451% 796 383 48.1% 288 13.2% 929 520 56.0% 383 41.2% 
ay 63 27 42.9% 24 38.1% 125 65 520% 48 384% 158 89 563% 62 39.2% 
United Kingdom _. 89 56 62.9% 51 57.3% 103 73 709% 53 515% 127 90 709% 66 52.0% 
Germany... . 27 11 40.7% 9 33.3% 122 59 48 4% 46 377% 114 67 58.8% 51 447% 
15 5 33.3% 5 333% 63 23 36.5% 15 238% 81 35 43.2% 28 346% 
France 16 9 562% 9 56.2% 64 25 39.1% 16 25.0% 65 28 431° 21 32.3% 
Spain... 22 10 455% 9 409% 40 11 275% 11 275% 57 26 456° 19 33.3% 
Other Europe 127 59 46.5% 55 43.3% 279 127 455% 99 355% 327 185 566° 136 416% 
Natural science etme Ea 
Europe 173 88 509% 79 45.7% 419 203 48 4% 159 379% 526 300 570% 226 43.0% 
Greece... _.. 29 13 448% 11 37.9% 50 27 54.0% 22 440% 68 42 618° 32 47.1% 
United Kingdom 42 28 66.7% 25 595% 53 40 75.5% 31 585% 74 54 73.0% 45 608% 
Germany 15 6 400% 5 33.3% 76 35 46.1% 25 32.9% 80 45 562% 37 463% 
Italy 9 3 33.3% 3 33.3% 34 11 32.4% 9 265% 43 22 512% 16 372% 
France 4 3 75.0% 3 75.0% 26 9 346% 5 19.2% 36 16 444% 9 250% 
Spain 11 4 364% 3 27.3% 18 4 22.2% 4 22.2% 35 1§ 429% 9 257% 
Other Europe 63 31 49.2% 29 460% 162 77 475% 63 389% 190 106 558% 78 41.1% 
(continued) 
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Appendix table 2-29. 


Foreign doctoral recipients from U.S. universities who plan to stay in the United States, by field and region/country of origin: 1980, 1990, and 1991 


(page 3 of 4) 
1980 1990 1991 
Total Ph.D. Plantostay Firm plans to stay Total Ph.D. ‘Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay 
Region/country recipients in U.S. in U.S. recipients in U.S. in U.S. recipients in U.S. in U.S. 
Social science 
Ren ree 98 40 40.8% 36 36.7% 172 88 51.2% 65 37.8% 218 124 56.9% 96 44.0% 
a aaa el bi 12 4 33.3% 4 33.3% 18 10 55.6% 6 33.3% 28 12 42.9% 8 28.6% 
United Kingdom ........ 28 15 53.6% 13 46.4% 35 23 65.7% 15 42.9% 43 26 60.5% 15 34.9% 
a as ae 7 2 28.6% 2 28.6% 21 19 90.5% 16 76.2% 27 18 66.7% 14 51.9% 
Pa Pr ene 4 1 25.0% 1 25.0% 15 6 40.0% 3 20.0% 26 11 42.3% 10 38.5% 
Re ae hea ele ia 6 2 33.3% 2 33.3% 11 4 36.4% 3 27.3% 10 6 60.0% 8 80.0% 
a 7 3 42.9% 4 57.1% 14 6 42.9% 6 42.9% 18 10 55.6% 9 50.0% 
Other Europe.......... 34 13 38.2% 10 29.4% 58 20 34.5% 16 27.6% 66 41 62.1% 32 48.5% 
Engineering 
Europe eee ee ee 88 49 55.7% 47 53.4% 205 92 44.9% 64 31.2% 185 96 51.9% 61 33.0% 
ees os eee we 22 10 45.5% 9 40.9% 57 28 49.1% 20 35.1% 62 35 56.5% 22 35.5% 
United Kingdom ........ 19 13 68.4% 13 68.4% 15 10 66.7% 7 46.7% 11 10 90.9% 6 54.5% 
EE 5 3 60.0% 2 40.0% 15 5 33.3% 4 26.7% 7 4 57.1% 0 0.0% 
sd so Oc ales Bae eg 2 1 50.0% 1 50.0% 14 6 42.9% 3 21.4% 12 2 16.7% 2 16.7% 
ee a a il 4 3 75.0% 3 75.0% 8 1 12.5% 1 12.5% 4 1 25.0% 1 25.0% 
Other Europe ........... 30 15 50.0% 17 56.7% 69 30 43.5% 21 30.4% 70 38 54.3% 24 34.3% 
All fields 
North & South America.... 776 191 246% 163 21.0% 1,095 434 39.6% 329 30.0% 1,234 597 48.4% 432 35.0% 
0 ee 301 96 31.9% 89 29.6% 418 191 45.7% 153 36.6% 484 241 49.8% 187 38.6% 
i ah sé 6464 4 64004 67 12 17.9% 11 16.4% 130 47 36.2% 32 24.6% 154 71 46.1% 51 33.1% 
eee 29 13 44.8% 10 345% 78 32 41.0% 24 30.8%. 71 46 64.8% 33 46.5% 
Ce 6 Ee eine eel 156 7 45% 3 1.9% 129 22 17.1% 18 14.0% 142 49 34.5% 33 23.2% 
eh. cepebeiewntes 39 10 25.6% 8 20.5% 56 23 41.1% 15 26.8% 65 25 38.5% 20 30.8% 
Ns + 4aneieneeee 29 10 34.5% 9 31.0% 46 24 52.2% 18 39.1% 63 33 52.4% 19 30.2% 
errr rer 16 6 37.5% 5 31.3% 28 14 50.0% 12 42.9% 39 27 69.2% 16 41.0% 
Other N./S. America ..... 139 37 26.6% 28 20.1% 210 81 38.6% 57 27.1% 216 105 48.6% 73 33.8% 
Scie.ice and engineering 
North & South America.... 494 127 25.7% 109 22.1% 746 296 39.7% 222 29.8% 817 410 50.2% 308 37.7% 
0 eee 155 66 42.6% 61 39.4% 251 121 48.2% 99 39.4% 276 161 58.3% 127 46.0% 
0 ea 57 10 17.5% 9 15.8% 103 33 32.0% 20 19.4% 126 58 46.0% 45 35.7% 
ee 25 11 44.0% 9 36.0% 66 28 42.4% 22 33.3% 60 39 65.0% 29 48.3% 
0 SCT Tere Te 123 6 49% 2 1.6% 98 17 17.3% 13 13.3% 114 35 30.7% 25 21.9% 
rrr Teer eee 26 7 26.9% 5 19.2% 50 18 36.0% 12 24.0% 52 21 40.4% 17 32.7% 
EP 22 8 36.4% 8 36.4% 40 21 52.5% 16 40.0% 48 24 50.0% 13 27.1% 
eee rr eee 11 5 45.5% 4 36.4% 22 10 45.5% 8 36.4% 35 23 65.7% 15 42.9% 
Other N./S. America ..... 75 14 18.7% 39 52.0% 116 48 41.4% 32 27.6% 106 49 46.2% 37 34.9% 
(continued) 
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Appendix table 2-29. 


Foreign doctoral recipients from U.S. universities who plan to stay in the United States, by field and region/country o. origin: 1980, 1990, and 1991 


(page 4 of 4) 
1980 1990 1991 
TotalPh.D. Plantostay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay Total Ph.D. Plan to stay Firm plans to stay 

Region/country recipients in U.S. in U.S. recipients in U.S. in U.S. recipients in U.S. in U.S. 

Natural science 
North & South America.... 272 70 25.7% 60 22.1% 407 153 37.6% 114 28.0% 470 227 48.3% 176 37.4% 
eee 78 38 48.7% 36 46.2% 130 61 46.9% 49 37.7% 148 93 62.8% 76 51.4% 
eee 33 5 15.2% 4 12.1% 65 19 29.2% 12 18.5% 80 35 43.8% 26 32.5% 
i aa ai ee 13 6 46.2% 5 38.5% 43 17 39.5% 13 30.2% 34 21 61.8% 18 52.9% 
ee 68 3 44% 1 1.5% 44 10 22.7% 8 18.2% 64 14 21.9% 11. 17.2% 
ts adi a en ee wine 18 5 27.8% 3 16.7% 22 9 40.9% 6 27.3% 32 16 50.0% 12 37.5% 
Colombia............. 13 2 15.4% 2 15.4% 27 12 44.4% 10 37.0% 26 10 38.5% 6 23.1% 
ee 6 3 50.0% 2 33.3% 11 4 36.4% 4 36.4% 18 9 50.0% 6 33.3% 
Other N/S. America ..... 43 8 18.6% 7 16.3% 65 21 32.3% 12 18.5% 68 29 42.6% 21 30.9% 

Social science 
North & South America.... 133 32 24.1% 27 20.3% 179 72 40.2% 56 31.3% 189 87 46.0% 65 34.4% 
ee 57 17 29.8% 14 246% 81 38 46.9% 34 42.0% 77 36 46.8% 27 35.1% 
0 11 3 27.3% 3 27.3% 13 4 30.8% 1 7.7% 25 13 52.0% 10 40.0% 
Argentina............. 2 0 0.0% 0 0.0% 11 5 45.5% 5 45.5% 14 9 64.3% 5 35.7% 
Ph thidess ote esas 31 2 6.5% 1 3.2% 23 2 87% 1 43% 18 6 33.3% 5 27.8% 
tht hacks babe 5 1 20.0% 1 20.0% 17 5 29.4% 3 17.6% 12 3 25.0% 3 25.0% 
i +6 sso 0.04004 6 4 66.7% 4 66.7% 5 4 80.0% 2 40.0% 11 6 54.5% 4 36.4% 
ree ee 3 0 0.0% 0 0.0% 5 3 60.0% 1 20.0% 10 7 70.0% 5 50.0% 
Other N/S. America ..... 18 5 27.8% 4 22.2% 24 11 45.8% 9 37.5% 22 7 31.8% 6 27.3% 

Engineering 
North & South America... . 89 25 28.1% 22 24.7% 40 22 55.0% 16 40.0% 51 32 62.7% 24 47.1% 
Pere 20 11 55.0% 11 55.0% 25 10 40.0% 7 28.0% 21 10 47.6% 9 42.9% 
ere Ter 13 2 15.4% 2 15.4% 12 6 50.0% 4 33.3% 12 9 75.0% 6 50.0% 
Argentina............. 10 5 50.0% 4 40.0% 31 5 16.1% 4 12.9% 32 15 46.9% 9 28.1% 
TTC TeT Tre re 24 1 4.2% 0 0.0% 11 4 36.4% 3 27.3% 8 2 25.0% 2 25.0% 
0 Serer ree ere 3 1 33.3% 1 33.3% 8 5 62.5% 4 50.0% 11 8 72.7% 3 27.3% 
re 3 2 66.7% 2 66.7% 6 3 50.0% 3 50.0% 7 7 100.0% 4 57.1% 
Ter Te TT 2 2 100.0% 2 100.0% 27 16 59.3% 11 40.7% 16 13 81.2% 10 62.5% 
Other N/S. America ..... 14 1 7.14% 0 0 160 71 44.4% 52 32.5% 158 96 60.8% 67 42.4% 


NOTES: Those doctoral recipients who pian to stay think that they will locate in the United States; those with firm plans have a postdoctoral research appointment or academic, industrial, or other firm employment in the United 


States. 
‘Before 1987, there were almost no Chinese doctoral recipients in the United States; therefore, data listed here are for 1987 rather than for 1980. 
SOURCE: Science Resources Studies Division, National Science Foundation, Survey of Earned Doctorates, unpublished tabulations. 


See figure 2-18. 
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Appendix table 2-30. 
Postdoctoral appointments in science and engineering awarded to non-U.S. citizens, by field: 1981 and 1991 


1981 1991 
Appointments to non-U.S. citizens Appointments to non-U.S. citizens 

Field Total Number Percent Total Number Percent 
Total, alifields........... 18,411 6,506 35.3 30,432 14,678 48.2 
Science and engineering ... . 14,013 5,409 38.6 22,397 11,307 50.5 

Natural sciences ......... 11,917 4,453 37.4 19,153 9,492 49.6 

Math and computer sciences 205 105 51.2 324 185 57.1 

Social sciences.......... 913 175 19.2 967 286 29.6 

Engineering............. 978 676 69.1 1,953 1,344 68.8 
ee 4,398 1,097 24.9 8,035 3,371 42.0 


SOURCE: Science Resources Studies Division, National Science Foundation, Foreign Participation in U.S. Academic Science and Engineering: 1991, NSF 93-302 
(Washington, DC: NSF, 1993). 
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Appendix table 2-31. 


Financial aid awarded to students in higher education: 1982/83—1991/92 


Financial aid program 1982/83 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89 1989/90 1990/91 (est) 1991/92 (prel) 
Millions of dollars 

RE ee ee a eae ee 16,359 17,546 18,947 20,170 20,745 23,873 25,511 27,297 28,508 30,771 
Total federal programs................. 13,393 14,160 15.169 15,897 15,942 18,562 19,952 20,627 21,202 22,849 
Generally available aid................ 10,743 12,155 13,413 14,251 14,408 17,060 18,455 19,007 19,694 21,055 
Guaranteed loans .................. 6,695 7,576 8,608 8,839 9,102 11,385 11,985 12,151 12,669 13,716 
Other federal grants................. 4,048 4,579 4,805 5,412 5,306 5,675 6.470 6,856 7,025 7,339 
Specially directed aid................. 2,650 2,005 1,756 1,646 1,534 1,502 1,498 1,620 1,508 1,794 
eee oc nec Cbs ened 1,356 1,148 1,004 864 783 762 724 790 678 908 
ad ns. neh be eee eek 266 297 329 342 361 349 341 364 369 376 
Other grants andloans............... 1,028 560 423 440 390 391 433 466 461 510 
i le oe au way 6 he 1,006 1,106 1,222 1,311 1,432 1,503 1,581 1,719 1,860 1,931 
Institutional and other programs .......... 1,960 2,280 2,556 2,962 3,371 3,808 3,978 4,951 5,446 5,991 


SOURCE: L.G. Knapp, Trends in Student Aid (Washington, DC: The College Board, 1992). 
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Appendix table 2-32. 


Financial support to fuli-time science and engineering graduate students, by source and mechanism: 1983-91 


(page 1 of 2) 
Source and mechanism 1983 1984 1985 1986 1987 1988 1989 1990 1991 
rr 252,846 254,735 258,241 267.075 271,772 276,225 283,849 288,981 308,669 
ins ind tn Epa dhn 6 ee baal 21,394 21,675 22.672 23,038 22,109 22.638 23,705 24,719 27,188 
Ee on Seen ok 13,574 13,491 13,469 13,439 13,792 14,238 14,189 14,005 15,560 
Research assistantships................. 54,923 57,771 61,040 66,071 70,221 74,568 79,116 79,595 84,901 
Teaching assistantships ................. 60,138 61,344 61,928 62,640 62,932 63,240 64,544 64,194 65,538 
Mechanism unknown .............. 102,817 100,454 99.132 101.887 102.718 101,541 102,295 106,468 115,482 
Total federalsupport.................... 47,829 47,842 48.902 51.318 53,315 55.440 57,370 57.875 63,444 
tata Bk i el a Ln a 4.125 4.128 4,422 4.591 4.437 4.572 5,196 6.240 7,517 
A ek oe eae ow os 9.154 8.989 8,755 8.601 8.713 8.588 8,457 8,300 9,807 
Research assistantships................. 29,144 29,457 30.432 32,747 34,966 36,741 38,552 38,022 40,609 
Teaching assistantships ................. 501 403 562 496 439 502 486 605 554 
Mechanism unknown ................... 4,905 4.865 4,731 4,883 4.760 5,037 4.679 4.708 4,957 
National Science Foundation.............. 9,523 9.850 10,181 10,832 11,241 11,632 11,894 11,949 12,626 
ia teeta een seeudenake 1,307 1,340 1,398 1,512 1,489 1,587 1,780 2,085 2.246 
EE ees een ene bew sak 61 49 56 27 83 68 84 63 98 
Research assistantships ................ 8.066 8.285 8.559 9.089 9.480 9,820 9,869 9.637 10,089 
Teaching assistantships ................ 25 28 43 75 27 58 66 86 110 
Mechanism unknown................... 64 148 125 129 162 99 95 78 83 
National institutes of Health............... 10,840 11,000 11,128 11,895 12,903 13,753 14,473 14,731 16,033 
Cee thie. 4 bavebeseeeesees 574 613 634 654 693 702 700 827 950 
EET mE aE 4,483 4,295 4,090 3,945 4,232 4.120 4,096 4,384 4,829 
Research assistantships................ 5,440 5.752 6,107 6.967 7,587 8,537 9,297 9,150 9,869 
Teaching assistantships ................ 75 42 59 82 123 117 129 97 90 
Mechanism unknown................... 268 298 238 247 268 277 251 273 295 
Other Health & Human Services............ 4.145 4.113 4,506 4.376 4,137 4,123 3,973 3,548 4,561 
ES ee ee 202 180 240 172 162 164 216 178 198 
cee ehh ee ete o 6 3,208 3,218 3,309 3,329 2.967 3,056 2,724 2,263 3,064 
Research assistantships................ 549 583 753 709 825 781 930 988 1,131 
Teaching assistantships ................ 37 29 39 28 28 24 10 19 24 
ED 66s cees edness owes 149 103 165 138 155 98 93 100 144 
Department of Defense.................. 7,010 7,151 7,332 7,943 8,796 9,513 9,190 8,738 9,195 
ee ee 256 240 263 294 349 360 420 565 694 
Ee a 84 62 49 79 137 133 118 105 148 
Research assistantships ................ 3,934 4,081 4,195 4,646 5,617 5,995 5,879 5,330 5,458 
Teaching assistantships ................ 0 0 0 0 0 0 0 0 0 
Mechanism unknown................... 2,736 2.768 2,825 2.924 2,693 3,025 2,773 2,738 2,895 
(continued) 
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Financial support to full-time science and engineering graduate students, by source and mechanism: 1983-91 


(page 2 of 2) 
Source and mechanism 1983 1984 1985 1986 1987 1988 1989 1990 1991 
a a ae a 16,311 15.728 15,755 16.272 16.238 16.419 17.840 18.909 21.029 
re Be ee eS 1,786 1.755 1.887 1.959 1,744 1.759 2.080 2.585 3.429 
Eee oa ee 1.318 1.365 1.251 1.221 1.294 1.211 1.435 1.485 1.668 
Research assistantships ................ 11,155 10,756 10.818 11,336 11.457 11,608 12.577 12.917 14.062 
Teaching assistantships ................ 364 304 421 311 261 303 281 403 330 
Mechanism unknown................-... 1,688 1,548 1,378 1,445 1.482 1.538 (467 1.519 1.540 
ET ee ee 123,246 127,255 131,008 136.214 137,896 140.936 145.501 146.742 153.200 
i rae ei al ha al a aa ee we Gs 17.269 17,547 18,250 18.447 17.672 18.066 18.509 18.479 19.671 
Ee a a ee ene 4.420 4.502 4714 4838 5.079 5.650 5.732 5.705 5.753 
Research assistantships ................. 25,779 28.314 30,608 33,324 35.255 37.827 40.564 41.573 44 292 
Teaching assistantships ................. 59,637 60,941 61.366 62.144 62.493 62.738 64.058 63.589 64.984 
Mechanism unknown ................... 16,141 15.951 16.070 17,461 17,397 16.655 16.638 17.396 18.500 
EEE re 81,771 79,638 78,331 79,543 80.561 79.849 80.978 84 364 92.025 
NS ak id he at ae aa A tee Re eo 0 0 0 0 0 0 0 0 0 
ee Sa eg ee Se ee Gala w 0 0 0 0 0 0 0 0 0 
Research assistantships................. 0 0 0 0 0 0 0 0 0 
Teaching assistantships ................. 0 0 0 0 0 0 0 0 0 
Mechanism unknown ................... 81,771 79.638 78.331 79,543 80.561 79.849 80.978 84 364 92.025 
SOURCE: Science Resources Studies Division. National Science Foundation, Academic Science and Engineering. Graduate Enrotiment and Support. Fail 1991. Detaied Statrstcal Tables. NSF 93-309 (Washington. DC 
NSF. 1993) 
See figure 2-19 Science & Engineering indicators - 1993 
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Appendix table 2-33. 


Financial support to full-time science and engineering graduate students, by field and source of major support: 1983-91 


(page 1 of 3) 
Field and source 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total, all fields 252 846 254.735 258.241 267.075 271.77 276.225 283.849 288 981 308 669 
Federal eli ad 47 829 47 842 48 902 51.318 53.315 55 440 57.370 57 875 63.444 
Nationa! Science Foundation _ . 9.523 9.850 10.181 10.832 11.241 11.632 11.894 11.949 12.626 
National institutes of Health _. aed 10.840 11.000 11.128 11.895 12.903 13.753 14.473 14.731 16.033 
Other Health & Human Services. _ . 4.145 4.113 4.506 4.376 4.137 4.123 3.973 3.548 4 561 
Department of Defense . 7.010 7.151 7.332 7.943 8.796 9.513 9190 8.738 9195 
Other federal _ . 16.311 15.728 15.755 16.272 16.238 16.419 17.840 18 909 21.029 
Nontedera! 123.246 127.255 131.008 136.214 137.896 140.936 145.501 146 742 153.200 
Seif-support 81.771 79.638 78.331 79.543 80.561 73.849 80.978 84 364 92.025 
Total sciences __. 176.007 176.433 179.126 183.418 186.023 188.593 193,532 197 825 206.668 
EA a - 30.090 30,398 31.620 32.943 34.007 35.210 36.806 37.473 40.140 
National Science Foundation... _ . 6.813 7.112 7,454 7.661 7.718 7.776 8.081 8.035 8 295 
National institutes of Health... . 9.146 9 487 9.590 10.273 10.910 11.788 12.296 12.460 13.369 
Other Health & Human Services. 1.016 869 1.095 1.019 1.043 925 1.092 1.119 1.275 
Department of Defense . * 2.736 3.065 3.278 3.595 3.972 4.299 3,947 3.700 3.816 
GRE Ee eer ae 10.379 9 865 10.203 10.395 10.364 10.422 11.390 12.159 13.385 
EES EE ee eee 92.100 94 028 95.621 98 269 99 336 101.730 104.336 105.267 108.583 
Seif-support . _ . 53.817 52.007 51.885 52.206 52 680 51.653 52.390 55.085 57.945 
Physical sciences.......... 25.205 25.852 26 669 27.764 28.414 28.574 29.207 29.042 30,131 
Federal ._. iN ee 8.126 8.640 8.821 9.523 9.717 9 857 10.247 10.169 10.850 
Nationa! Science Foundation 3.218 3.406 3,516 3.671 3.590 3.656 3.612 3.547 3.579 
National Institutes of Health aes 1,437 1.506 1.635 1.847 1.930 2.002 1.981 1.929 1.877 
Other Health & Human Services. _._ . 98 122 161 165 167 150 130 127 168 
Department of Defense ............... 831 1.011 1,024 1.161 1.292 1.475 1,392 1.203 1.228 
Other federal . 2.542 2.595 2.485 2.679 2.738 2.574 3.132 3.363 3.998 
Nonfederal .. . 15.306 15.531 16.053 16.348 16.694 16.840 17,157 16.909 17.316 
Self-support.. _ . 1.773 1.681 1.795 1.893 2.003 1.877 1.803 1.964 1.965 
Environmental sciences.............. 12.068 11,837 11.458 11,347 10.543 10.299 10.143 10.273 10.414 
eee i ne 2.877 2.852 2.960 3,033 2.868 2.799 2.903 2.957 3,085 
National Science Foundation . . 1.325 1,341 1.374 1,357 1,261 1.236 1.253 1.186 1.198 
National institutes of Health... __. 15 30 26 25 24 19 17 21 22 
Other Health & Human Services. .__ . 23 11 15 14 34 32 8 13 33 
Department of Defense............ 365 372 418 453 499 461 435 435 433 
Other federal . 1,149 1,098 1,127 1,184 1,050 1,051 1,190 1,302 1.399 
Nonfederal 5.562 5.644 5.567 5.573 5.227 5.382 5.317 5.216 5.351 
Selt-support . 3.629 3,341 2.931 2.741 2.448 2.118 1.923 2.100 1.978 
(Continued) 
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Appendix table 2-33. 


Financial support to full-time science and engineering graduate stude ts, by field and source of major support: 1983-91 


(page 2 of 3) 
Field and source 1983 1984 1985 1986 1987 1988 1989 1990 1991 
ee 3,926 9.851 9.191 9.314 9.063 9.072 9,001 9.052 9.238 
RE! SE 1,566 1.406 1,556 1.656 1.719 1,771 1.794 1.775 1.858 
National Science Foundation............ 70 70 96 72 61 50 47 62 62 
National Institutes of Health............. 19 17 17 14 22 31 17 31 28 
Other Health & Human Services.......... 6 1 0 1 7 1 11 5 8 
Department of Defense................ 15 17 28 17 30 32 13 18 30 
ne . so ghibaticue eae enlace eres 1,456 1,301 1.415 1,552 1,599 1.657 1,706 1,659 1,730 
I 9s 5 yo peace bee ne aa 5,845 5.978 5,397 5,432 5 224 5.200 5.110 5.216 5.249 
SE ae Pen 2.515 2.467 2,238 2.226 2.120 2.101 2.097 2.061 2.131 
Biological sciences... ................... 36,862 37,234 37.141 37.917 38.529 39,522 40,680 40.420 42.929 
SPE 0: >) a ene eee 10,295 10.460 10,731 11,159 11,872 12,524 13,305 13,438 14,501 
Nationa! Science Foundation............ 1,062 1,078 1,074 1,081 1,137 1,122 1,256 1,208 1,277 
National Institutes of Health............. 6,809 7,030 7,058 7,537 8.014 8.677 9.279 9.374 10,146 
Other Health & Human Services.......... 310 223 357 369 334 267 353 365 495 
Department of Defense................ 243 241 220 189 248 284 257 214 238 
I ee ee es 1.871 1,888 2,022 1,983 2,139 2.174 2.160 2.277 2.345 
i 5 ei ok 66 chewed 19,825 20,227 20,299 20.693 20,845 21.420 22,011 21,968 23.082 
SESS ore ras 6.742 6,547 6.111 6.065 5.812 5.578 5,364 5.014 5.346 
EE ee 10,957 11,311 11,818 12.390 13.044 13,514 13,695 13.834 14,259 
re ee ee 760 762 935 999 1,090 1,190 1,221 1,335 1,502 
National Science Foundation............ 223 279 321 357 436 463 475 491 452 
National Institutes of Health............. 28 22 18 19 24 25 28 39 64 
Other Health & Human Services.......... 13 4 3 5 6 3 8 10 5 
Department of Defense................ 310 304 386 432 438 513 395 367 376 
ES 186 153 207 186 186 186 315 428 605 
ee ne ee 8,004 8,399 8.655 9.083 9.384 9.748 9.978 10,024 10,137 
eh eee bbe wes 6 2.193 2,150 2.228 2,308 2,570 2.576 2,496 2,475 2.620 
ee 10,687 11,587 14,101 15,310 15,572 15,393 15,797 16,859 16,552 
IRE ES ee oe er en 1,130 1,269 1.638 1,892 2.084 2.226 2.331 2.412 2.533 
National Science Foundation............ 386 431 502 527 623 634 779 819 906 
National Institutes of Health............. 26 24 20 43 61 64 53 62 65 
Other Health & Human Services.......... 3 1 1 2 1 0 7 G 6 
Department of Defense................ 475 630 860 1,037 1.137 1,214 1,164 1,129 1,121 
ee ee se re es aes 240 183 255 283 262 314 328 393 435 
I Bt 655 aa 5 ln yi dae 4-6 bro 0 4,050 4,509 5.686 6,127 6,283 6.453 6,626 6.904 6.744 
ice eed ede hhska a Kade 4 5,507 5,809 6,777 7,291 7.205 6.714 6.840 7,543 7,275 
(continued) 
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Appendix table 2-33. 4 
Financial support to full-time science and engineering graduate students, by field and source of major support: 1983-91 a 
(page 3 of 3) ® 
Field and source 1983 1984 1985 1986 1987 1988 1989 1990 1991 
ee foie ea eee aw he ahecas & 26,693 26.102 25.751 26,469 27.308 28.366 29.608 30.694 32.382 
I a i 2,141 2.061 2.048 2.031 2.049 2.170 2.215 2.491 2,682 
National Science Foundation............ 190 206 235 231 246 233 236 262 269 
National Institutes of Health............. 600 647 619 586 627 763 720 795 899 
Other Health & Human Services.......... 424 396 434 361 379 361 463 486 453 
Department of Defense................ 174 157 140 158 177 153 117 156 163 
ERENT gee nL a ae 753 655 620 695 620 660 679 792 898 
a eee cial ee Wau ey 11,176 11.630 11,887 12.355 12,057 12,347 12.890 13,094 13,500 
GE Per re ee ee 13,376 12.411 11,816 12.083 13,202 13,849 14,503 15,109 16.200 
IERIE eS ee ee eee 43,609 42.659 42.997 42.907 43,550 43,853 45,401 47.651 50,763 
SEER ee a oe 3.195 2.948 2,931 2.650 2.608 2.673 2.790 2,896 3,129 
National Science Foundation............ 339 301 336 365 364 382 423 460 552 
National Institutes of Flealth............. 212 211 197 202 208 207 201 209 268 
Other Health & Human Services.......... 139 111 124 102 115 111 112 104 107 
Department of Defense................ 323 333 202 148 151 167 174 178 227 
I ot bau an a6 5 od. 4 0 obb 0.0464 2,182 1,992 2,072 1,833 1.770 1,806 1.880 1,945 1.975 
en ee ee ed ayy eee 22,332 22,110 22,077 22.658 23,622 24,340 25,247 25.936 27.204 
ie a dnl es 64a aa) eke 18,082 17,601 17,989 17,599 17,320 16,840 17,364 18.819 20.430 
See 53,931 55.157 55,938 60,227 61,885 63,187 64,546 65.692 71,230 
el a 11,970 11,584 11,260 12,377 13,105 14,020 14,258 14,650 16,060 
National Science Foundation errr 2,680 2,696 2,686 3,128 3,474 3,808 3,766 3,868 4,274 
National Institutes of Health.............. 477 466 455 449 508 555 644 685 751 
Other Health & Human Services........... 98 78 69 87 114 73 85 103 91 
Department of Defense................. 4,014 3,808 3,774 4.115 4,585 4,970 4.808 4.673 4.874 
Ee eee 4,701 4,536 4,276 4,598 4,424 4.614 4,955 5,321 6,070 
6 on hhh se 6a 6a ae aKke 24,508 26,132 28,055 30,440 31,078 31,637 32,841 33.329 35,333 
EEE an aE a ee 17,453 17,441 16,623 17,410 17,702 17,530 17,447 17,713 19,837 
SOURCE: Science Resources Studies Division. National Science Foundation, Selected Data on Graduate Students and Postdoctorates in Science and Engineering: Fall 1991, NSF 92-335 (Washington, DC: NSF. 1992) 
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Appendix table 2-34. 
Financial support to full-time science and engineering graduate students, by field and type of major support: 1979-91 


(page 1 of 2) 
Type of major support 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
All science and engineering 
Ee a 232.376 238,868 242.777 245.378 252846 254,735 258.241 267.075 271.772 276.225 283,849 288.981 308.669 
lo 20,243 20,553 20.136 20,918 21,394 21,675 22.672 23,038 22.109 22.638 23.705 24.719 27,188 
a 18,045 17,529 16.836 14,709 13,574 13,491 13,469 13,439 13,792 14.238 14.189 14,005 15,560 
Research assistantships ....... 48.999 51,594 52.752 52,563 54,923 57,771 61,040 66.071 70,221 74,568 79,116 79,595 84.901 
Teaching assistantships........ 51,810 53.913 55.778 58,360 60,138 61,344 61,928 62,640 62.932 63,240 64,544 64,194 65.538 
Other types of support......... 93,279 95.279 97,275 98.828 102.817 100,454 99,132 101,887 102.718 101,541 102,295 106.468 115.482 
Physical sciences 
NRE ne arn ean 22,535 22,918 23,308 24,038 25,205 25,852 26,669 27.764 28.414 28,574 29,207 29,042 30,131 
i a a ine 1,877 1,779 1,820 1,904 1,929 2,091 1,929 1,895 1,847 1,821 1,964 2.251 2.716 
ie i a 453 433 481 433 399 357 418 524 541 502 599 659 777 
Research assistantships ....... 7,806 8,340 8,607 8.768 9.145 9,628 10,284 10,994 11,558 12,056 12,426 11,972 12,223 
Teaching assistantships........ 9,950 10,248 10,304 10,711 11,270 11,339 11,467 11,654 11,752 11,600 11,754 11,589 11,717 
Other types of support... ... ~ 2,449 2.118 2.096 2.222 2,462 2,437 2,571 2.697 2.716 2,595 2,464 2,571 2.698 
Environmental sciences 
a ce 10,724 10,969 11,038 11,436 12.068 11,837 11,458 11,347 10,543 10,299 10,143 10,273 10,414 
CP ie teake gene ae 810 876 844 892 880 962 982 848 741 779 770 795 918 
Ee 316 259 278 263 272 178 176 149 176 153 112 84 93 
Research assistantships ....... 3,587 3,770 3,469 3,339 3,545 3,583 3,728 3,838 3,660 3,892 4.169 4.153 4,358 
Teaching assistantships........ 2.614 2,672 2.651 2.849 2.892 2.867 2.649 2.665 2.498 2.553 2,455 2.386 2,370 
Other types of support......... 3,397 3,392 3,796 4,093 4.479 4,247 3,923 3,847 3,468 2,922 2,637 2.855 2,675 
Life sciences 
Sa ee a eae 70,966 71,957 71,931 69,953 69.696 70,230 69,509 70,661 71,456 73,039 75,452 74,936 82,938 
6 cicends end eanes 5,123 5,370 5,377 5,565 5,663 5,776 6,328 6,417 6,383 6,153 6,779 6,870 7,102 
RS ee hs ky be ae 12,298 11,952 11,492 10,172 9,419 9,372 9,225 9,243 9.219 9,541 9,292 8,993 10,317 
Research assistantships ....... 15,412 15,896 16,344 16,223 16,496 17,576 17,896 19,220 20,225 21,582 23,183 23,403 25,674 
Teaching assistantships........ 12,368 12,654 12,471 12,861 12,621 12,661 12,512 12,209 11,770 11,689 12,013 11,483 12,143 
Other types of support......... 25,765 26,085 26,247 25,132 25,497 24,845 23,548 23,572 23,859 24,074 24,185 24,187 27,702 
(continued) 
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Appendix table 2-34. 
Financial support to full-time science and engineering graduate students, by field and type of major support: 1979-91 


(page 2 of 2) 
Type of major support 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Math and computer sciences 
SE ee 15,520 16.489 17,599 19.985 21,644 22,898 25.919 27.700 28.616 28,907 29.492 30.693 30,811 
irate wh ae doe 1,189 1,061 1,077 1,098 1,182 1,327 1,638 1,739 1.643 1,746 1.848 2,074 2.257 
enn & 6 0 <8 210 214 235 200 174 240 222 242 261 319 346 324 342 
Research assistantships ....... 1,642 1,820 1.858 2,036 2.206 2,507 3,074 3,392 3,948 4.273 4.643 4.673 4.897 
Teaching assistantships........ 6.769 7,088 7,530 8,148 8,856 9,372 10.025 10,405 10,865 11,027 11,299 11,505 11,251 
Other types of support......... 5.710 6,306 6,899 8.503 9.226 9,452 10.960 11,922 11,899 11,542 11,356 12.117 12.064 
Psychology 
RS re ee 25.859 26.678 26,715 25,812 26,693 26,102 25.751 26,469 27,308 28,366 29.608 30,694 32.382 
Se ae 1,659 1,601 1,304 1,232 1.270 1,295 1,277 1,421 1,417 1,534 1,504 1,656 1,753 
Rs eke en nena bes 2,131 2,008 1,956 1,794 1,383 1,477 1,599 1,325 1,238 1,241 1,182 1,121 1,230 
Research assistantships ....... 2,528 2.570 2,890 2,723 2,962 3,027 3,078 3.114 3.218 3,733 3,866 4.051 4.275 
Teaching assistantships........ 4,564 4,773 5.014 4,922 5,007 5.048 5.182 5.365 5,365 5,500 5.763 5.746 5,815 
Other types of support......... 14,977 15,726 15,551 15,141 16,071 15.255 14,615 15,244 16,070 16,358 17,293 18.120 19.309 
Social sciences 
Se ee 46,755 47,137 46.335 44,289 43,609 42,659 42.997 42,907 43,550 43,853 45,401 47.651 50.763 
ee 6,120 6,197 5.619 5,602 5,695 5,408 5.774 5.850 5,506 6,143 6,134 5.977 6,717 
toh ket ah Gg kia A 1,702 1,727 1,449 1,039 1,172 1,134 1,074 1,120 1,456 1,560 1.685 1,835 1.657 
Research assistantships ....... 5.207 5.275 5.196 4.866 5,032 5.166 5.080 5.101 5.465 5.580 6,227 6.257 6,711 
Teaching assistantships........ 8.899 9,080 9,521 9,663 9,436 9,498 9,324 9.242 9.578 9,701 10.130 10.599 10.915 
Other types of support......... 24.827 24.858 24,550 23,119 22,274 21,453 21,745 21,594 21,545 20,869 21,225 22.983 24.763 
Engineering 
Cech eevea sss o4a0d di ' 40.017 42.720 45,851 49 865 53,931 55,157 55,938 60,227 61,885 63,187 64.546 65.692 71,230 
Fellowships................. 3,465 3,669 4.095 4.625 4,775 4.816 4.744 4 868 4.572 4,462 4.706 5,096 5.725 
ce in oe ea ew eds 935 936 945 808 755 733 755 836 901 922 973 989 1,144 
Research assistantships ....... 12.817 13,923 14,388 14,608 15,537 16.284 17,900 20,412 22.147 23,452 24.602 25,086 26.763 
Teaching assistantships........ 6,646 7,398 8,287 9,206 10,056 10,559 10,769 11,100 11,104 11,170 11,130 10. 886 11,327 
Other types of support... . a 16,154 16,794 18,136 20,618 22,808 22,765 21,770 23,011 23,161 23,181 23,135 23.635 26,271 
SOURCE: Science Resources Studies Division, National Science Foundation. Selected Data on Graduate Students and Postdoctorates in Science and Engineering Fall 1991, NSF 92-335 (Washington. DC. NSF. 1992) 
See figure 2-21 Science & Engineering indicators - 1993 
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Appendix table 3-1. 
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992 
(page 1 of 6) 
Number of jobs 
Industry 1980 1983 1986 1989 1992 
Thousands 
Tota! industry 
is eee eee s+ >: eGhbcen Fee eNeens 66.210 65,457 73,044 79,111 77,622 
EE, . go cceccceeneeedeeéeeeeecenes 1,366 1,476 1.642 1,885 1,972 
EESTI er TT TT Te TT 992 1,050 1,144 1,290 1,305 
AeronauticaV/aswonautical.....................-..- 27 33 58 65 52 
Chemical.......... Sood on eA eee Soin ee 45 47 42 42 43 
eS PPO Re Pe pe ey 79 104 94 90 94 
i a ae 273 319 376 459 470 
industrial . 133 103 119 119 109 
Mechanical 198 198 196 206 208 
Other’ 237 247 257 308 329 
Scientists 374 425 497 595 667 
Life 19 26 30 46 59 
ee ee 45 59 67 66 71 
Physical 108 110 113 122 138 
I RT tee eee te gee ee oe a ee 26 29 24 31 43 
Computer specialists 175 201 264 330 355 
Technicians 1,163 1,308 1,426 1,506 1,474 
Manufacturing 
All occupations 20,285 18,432 18.947 19,391 16,040 
All scientists and engineers 747 814 $26 1,001 973 
Engineers 605 670 752 804 767 
Aeronautical astronautical 23 29 52 4S 3 
Metallurgical, ceramic. materials 9 13 14 14 11 
Chemical 33 36 34 31 34 
Civil 7 g 8 6 7 
Electrical/electronic. 159 206 234 256 246 
industrial 123 89 104 104 91 
Satety 3 8 6 7 7 
Mechanica! 126 134 135 142 138 
Marine 0 1 1 1 0 
Sales 0 26 39 38 35 
Other’ 122 120 126 156 162 
Scientists 142 144 174 197 206 
Life 16 1§ 18 23 29 
Biological 8 8 9 11 17 
Other life scientists 9 7 9 12 9 
Mathematical 13 12 14 12 9 
Physical 60 57 57 5¢ 61 
Physicists and astronomers 2 1 1 1 1 
Chemists 56 42 45 48 45 
Other physical scientists 2 1§ 11 11 10 
Social 1 1 0 0 0 
Computer specialists 52 59 85 103 106 
Technicians 531 542 579 586 525 
Civil engineering 1 2 2 3 2 
Electrical electronics engineering 131 126 154 150 127 
Industrial engineering 17 21 23 23 23 
Mechanical engineering 32 36 42 40 38 
Drafters 119 119 110 109 101 
Other engineering technicians 80 69 72 77 75 
Biological, agricultural, and food 1 8 10 10 12 
Chemical 0 64 65 66 63 
Petroleum 0 1 1 1 1 
Other life science technicians 59 14 15 16 12 
Computer programmers 81 81 87 92 71 
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Appendix table 3-1. 
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992 
(page 2 of 6) 
Number of jobs 
Industry 1980 1983 1986 1989 1982 
Chemical & allied products, alloccupations. ..-.-si(‘(i‘(i‘éaétésésété«~ 1,107 1,043 1,021 1,074 1,083 
All scientists and engineers.................. — cabs 93 96 96 116 122 
did ce tins cehansesnn wae seas eune 4) 45 43 47 50 
Metallurgical, ceramic, materials rr ore ) 0 0 1 1 0 
Chemical... .. es a ald alate ae rer 19 18 18 18 19 
ti ie ie pie ee 1 2 1 2 1 
Electrical/electronic 3 < 3 § 6 
industrial a 3 3 4 4 
Safety... 2 2 2 2 2 
Mechanical 9 8 7 i} 8 
Sales 0 4 2 3 2 
Other’ . . 4 5 5 5 8 
Scientists 52 51 53 69 72 
Life 10 11 13 18 24 
Mathematical 3 2 1 1 1 
Physical 33 32 33 37 36 
Computer specialists 6 6 7 14 12 
Technicians 52 61 62 66 68 
Petroleum refining, all occupations : 198 196 169 156 159 
All scientists and engineers 12 16 14 13 14 
Engineers 9 11 10 9 11 
Petroleum 0 0 0 1 1 
Chemical 4 5 4 3 4 
Civil 0 1 0 1 1 
Electrical/electronic 0 1 1 1 1 
industrial 0 1 1 1 0 
Safety 0 0 0 0 1 
Mechanica! 2 2 2 1 2 
Other’ 2 1 1 2 2 
Scientists 3 5 5 4 4 
Physical 2 3 3 3 3 
Computer specialists 1 2 1 2 1 
Technicians 5 10 10 8 8 
Machinery, all occupations 2,517 2,053 2,074 2.125 1,922 
All scientists and engineers 139 147 161 183 163 
Engineers 125 130 140 164 148 
Metallurgical. ceramic, materials 1 1 2 2 1 
Chemica! 1 1 1 1 1 
Civil 1 1 1 1 1 
Electrical/electromic 34 43 50 64 66 
industrial 32 21 17 14 13 
Mechanica! 37 38 33 40 37 
Sales 0 8 15 13 14 
Other’ 18 17 21 29 15 
Scientists 14 17 21 20 16 
Mathematical 2 3 2 2 1 
Physical 1 2 1 0 0 
Computer specialists 11 12 19 18 14 
Technicians 129 117 116 118 97 
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Appendix table 3-1. 
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992 
(page 3 of 6) 
Number of jobs 
industry 1980 1983 1986 1989 1992 
Thousands 
Electrical equipment, all occupations 1.771 1.704 1.790 1,744 1526 
All scientists and engineers 170 188 239 161 150 
Engineers 153 173 215 148 137 
Metaliurgica!. ceramic. materials 1 2 2 2 1 
Chemical 2 3 3 2 2 
Civil 0 1 2 2 0 
Electrical electronic 83 106 120 80 75 
industrial 28 19 28 15 15 
Satety 0 1 1 1 1 
Mechanical . 19 19 23 18 16 
Sales 0 6 9 8 8 
Other’ 21 17 26 19 18 
Scientists 17 15 24 13 14 
Mathematical 2 1 2 1 1 
Physical 3 3 3 2 2 
Computer specialists 10 10 19 10 11 
Technicians 123 127 148 108 96 
Transportation equipment, all occupations 1.881 1.730 2.003 2.052 1.822 
All screntists and engineers 146 176 223 238 229 
Engineers 132 159 196 209 202 
Aeronautical astronautical 23 29 52 49 36 
Metallurgical. ceramic. materials 1 3 3 3 2 
Chemical 1 1 2 1 1 
Civil 1 3 2 2 2 
Electrical electronic 14 21 29 29 23 
industrial 22 19 27 33 24 
Satety 0 2 2 2 2 
Mechanical 20 24 29 26 28 
Marine 0 1 1 1 0 
Sales 0 2 2 2 2 
Other 50 54 48 59 80 
Scientists 14 17 28 29 27 
Mathematica! 5 5 8 7 5 
Physical 3 2 3 0 0 
Social 1 1 0 0 0 
Computer specialists 6 10 16 21 22 
Technicians 62 75 87 85 72 
Scientific instruments, all occupations 1,022 990 1,018 1,026 925 
All scientists and engineers 46 57 60 137 131 
Engineers 40 50 52 118 116 
Chemical 1 1 1 2 2 
Electrical electronic 19 25 25 67 65 
Industrial 6 5 6 14 13 
Mechanica! 6 7 G 1§ 16 
Sales 0 3 3 4 3 
Other 9 6 7 17 16 
Scientists 6 7 8 19 15 
Mathematica! 0 0 1 1 1 
Lite 1 1 1 2 0 
Physical Z } ) 3 5 
Computer specialists 3 3 5 14 10 
Technicians 42 46 47 5 70 
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Appendix table 3-1. 
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, 1992 
(page 4 of 6) 
Number of jobs 
industry 198) 1983 1986 1989 1992 
Thousands 
Nonmanufacturing’ 
All occupations 45.925 47.025 54.097 53.720 59 582 
All screntists and engineers . 621 709 775 942 1,051 
Engineers eis 387 428 452 545 591 
Aeronautica! astronautical ; 4 4 6 16 16 
Chemical ) oom 12 11 8 11 3 
Civil —— 73 95 86 84 87 
Electrical/electromic . 113 113 144 203 224 
industrial , ~ 10 14 15 15 18 
Mechanical baa 72 64 61 o4 70 
Other’ 102 127 131 152 167 
Socentists 234 281 324 397 460 
Life 8 11 12 23 29 
Mathematical - 2 33 47 53 54 63 
Physical 44 53 56 63 77 
Social pais 25 28 24 31 43 
Computer specialists 124 142 179 227 249 
Technicians 632 766 847 920 950 
Mining, all occupations a error 1,027 952 777 693 631 
All screntists and engineers 55 65 55 46 42 
Engineers 29 35 30 26 24 
Metallurgical. ceramic, materials 1 1 0 1 ’ 
Mining. including mine safety 3 3 3 3 3 
Petroleum 15 19 16 1 11 
Chemical 1 1 1 1 1 
Civil 1 2 1 1 1 
Electrical electronic 2 1 1 1 1 
Mechanica! 1 3 2 2 2 
Sales 0 1 2 2 2 
Other’ 6 4 4 5 3 
Scientists 26 31 26 20 18 
Physical 21 25 22 16 14 
Computer specialists 4 5 4 4 4 
Techmcians 26 30 26 25 24 
Construction, all occupations 4.346 3,948 4.810 5.171 4471 
All screntists and engineers 53 48 32 32 31 
Engineers 52 47 31 31 30 
Civil 18 19 10 11 11 
Electrical electronic 7 6 5 e 6 
industrial 0 1 ? 1 1 
Satety 1 1 | 1 1 
Mechanical 10 7 ‘ 3 4 
Sales 0 8 5 4 4 
Other 16 5 4 6 3 
Scentists 1 1 1 1 1 
Computer specialists 1 1 1 1 1 
Technicians 42 34 29 31 29 
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Appendix tabie 3-1. 
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, 1992 
‘ (page 5 of 6) 
Number of jobs 
industry 1980 1983 1986 1989 1992 
Thousands 
Comm trans utilities, ali occupations 5.146 4.952 5 247 5 626 5.709 
All screntists and engineers 95 102 103 111 113 
Engineers 82 81 78 80 80 
Aeronautical astronautica! 1 1 1 1 1 
Chemical 1 1 1 1 1 
Nuclear 1 2 3 3 3 
Cwil 5 7 8 6 6 
Electrical/electronic 43 40 38 39 38 
industrial a 6 5 4 5 
Satety 0 0 1 1 1 
Mechanical 7 6 6 5 5 
Marine 1 1 1 1 1 
Other’ 18 8 15 20 19 
Soentists 13 21 25 31 33 
Lite 0 0 1 0 1 
Mathematica! 1 4 2 2 3 
Physical 0 0 2 3 3 
Social 0 1 2 1 1 
Computer specialists 11 16 19 25 25 
Technicians 101 121 125 124 124 
Trade, ali occupations 20.310 20.870 23.641 25.662 25.391 
All screntists and engineers 66 66 72 96 106 
Engineers 40 36 45 70 75 
Chemical 3 0 0 0 0 
Electrical electronic 16 11 16 34 37 
Mechanical 18 9 7 7 7 
Sales 0 0 15 16 18 
Other’ 3 15 8 13 13 
Screntists 26 30 27 2 31 
Life 0 1 1 2 2 
Mathematical 0 2 0 0 0 
Physical 1 2 2 0 3 
Computer specialists 25 26 24 25 27 
Technicians 122 145 152 143 136 
Financial services, all occupations 5 160 5 468 6.273 6.668 6.471 
All screntists and engineers 52 73 95 108 123 
Engineers 5 8 10 10 16 
Satety 0 5 6 5 5 
Other 5 3 3 5 11 
Screntists 47 64 85 98 108 
Mathematica! 16 23 27 28 28 
Social 2 7 6 5 7 
Computer specialists 28 33 52 65 72 
Technicians 39 53 63 71 67 
Engineering services, all occupations 545 576 681 770 746 
All scientists and engineers 125 157 165 194 185 
Engineers 115 146 152 173 162 
Aeronautical astronautical 1 2 4 7 6 
Metallurgical. ceramic. materials 0 1 1 1 : 
Petroleum 1 ’ 1 1 0 
Chemical 5 4 4 6 5 
Nuclear 1 2 j 3 3 
Civil 46 63 64 62 59 
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Appendix table 3-1. 
Total and scientist/engineer employment, by industry: 1980, 1963, 1$86, 1989, and 1992 
(page 6 of 6) 
Number of jobs 
industry 1980 1983 1986 1989 1952 
Thousands 
Electrical/electronic. 21 25 30 3% as 
NS ctnewlewedewa 2 3 5 5 5 
Di th. > pi tened beau pak weds kn we 1 1 1 3 2 
ED o 2s eee en dee ee i 27 27 25 32 WU 
Marine... .. 1 2 2 2 Z 
CERES 0 3 2 3 3 
ee 8 13 12 14 13 
hot a a ae ee 11 11 13 21 22 
eee i ele oe a oe coal we leis eo eda 1 1 1 t 1 
ea i. 8s. coe debs ephhe eens 1 1 1 2 2 
> «<oes8ees< < 4 7 12 13 
te as a ka ee 2 1 1 1 1 
Computer specialists................. 3 3 3 i) 6 
Teciwmicians........... 156 199 220 250 233 
Computer services, all occupations 304 416 588 7% 831 
All scientists and engineers 41 59 97 138 166 
rae 5 1 29 55 €3 
Electrical/electronic. 4 4 25 47 59 
0S ee Sie 0 1 1 1 1 
Mechanica! 0 0 1 1 2 
Sales 0 1 1 4 5 
Other’... 1 1 2 2 3 
Scientists . 37 48 62 84 99 
Mathematica! 4 5 8 7 9 
Physical. . 0 0 0 1 1 
Social 0 0 1 2 2 
Computer specialists 33 42 53 74 67 
Technicians... 51 78 106 131 ‘a9 


‘ 


NOTES Details may not sum to totals because of rounding Due to revisions im Standard industria! Classification codes in 1987 employment estimate: !or 1969 and 
1992 may not be strictly comparable with estrmates for earler years 


‘The “other” engineering category includes a number of smaiier teids that are combined in the interest of space None of these heids dmidually accounts tor more 
than about 5 percent of the total engineering jobs 


*Estmates prior to 1989 exclude noncommercial education and research organizations 
SOURCES Division of Science Resources Studies. National Science Foundation and the Bureau of Labor Sta’ sstics unpublished tabulations 
See figures 3-1, 3-2. and 3-3 Sovence & Engineering 'rocators - 1995 


Appendix table 3-2. 


Federal scientists and engineers, by occupational field and agency: 1991 


All Trans- All other 
Occupational field agencies State Treasury Defense interior USDA Commerce Labor HHS portation Energy EPA NASA TVA VA agencies 
. Number 
Total scientists & engineers 283,780 4,489 7,124 133,673 17,061 33,711 10942 3,962 11,949 7,207 6,188 6.701 13,902 2995 7,315 16,561 
I nee doe wea 168,909 4,218 6,609 56,756 14196 31,029 10084 3663 11,471 2,00% 2,502 4,257 1,769 799 6,192 13,363 
Physical sciences ........ 32,556 48 257 9,725 5,311 1,591 4,240 91 2,369 162 1,282 2,630 1,054 211 486 3,099 
Math and statistics........ 6,470 0 77 2,117 78 753 1,645 183 717 77 110 73 256 12 76 296 
Computer sciences ....... 53,097 321 5.319 26,932 1,719 2,904 1,767 553 3,580 1,213 490 376 283 480 2,451 4,709 
Lie eeenees. ........... 37 437 2 15 2,151 5,726 23,124 847 0 3,313 § 120 1,039 65 77 516 437 
Social sciences.......... 22,366 3,838 851 5,082 59@ 2,417 1,061 1,963 1,042 265 307 81 0 17 655 4,189 
EE ok ag phew ens 3,754 0 5 1,178 15 a 4 7 321 61 2 7 38 2 1,823 282 
re eas oon Dia tae 13,229 9 85 9,571 749 231 520 866 129 218 191 51 73 0 185 351 
Engineers .............. 114,871 271 515 76,917 2,865 2,682 858 299 478 5,206 3,686 2,444 12,133 2,196 1,123 3,198 
Electrical/electronics ...... 35,795 176 54 28,457 316 91 440 51 112 §©1,540 827 17 2,250 707 47 703 
rere. 21,617 18 270 12,112 288 147 153 9 95 1,001 1,516 45 3,663 410 768 1,122 
ial dks ha ak 6 eae 15,180 65 6 8,954 1,379 1,875 54 28 15 1,912 332 8 8 262 17 265 
a rr 13,452 11 50 11,538 203 43 116 16 69 191 194 102 137 456 39 287 
ED + 5 ks e540 44S 9,689 0 0 4,647 1 1 4 0 1 44) 0 0 4,579 0 0 15 
kak Cath as eas 2 863 0 43 2,701 9 13 1 4 9 2 6 1 1 25 11 17 
ES bo bee ¥as G4aae 1.525 0 6 896 100 37 31 6 19 a 107 174 50 70 0 20 
Es ede e bike Owe 1,296 0 3 872 17 4 24 0 § 6 14 0 307 0 0 44 
Sere reerers 13,454 1 83 6,740 552 471 35 185 146 84 690 2,097 |,138 266 241 725 
Percentage change in S&E empioyment: 1985-91 
Total scientists & engineers 13.9 16.1 71.2 9.6 8.2 10.8 17.0 (4.4) 24.0 18.9 36.8 9.0 22.8 (29.0) 36.2 35.8 
re 15.6 13.8 75.4 8.0 10.9 12.9 17.3 (4.6) 23.1 24.5 37.2 1.1 (10.0) (5.0) 42.7 4°9 
Physical sciences ........ 11.5 (20.0) 32.5 6.4 (1.4) 43 14.3 (5.2) 10.1 11.7 56.7 (12.0) (7.1) 66 (16.8) 192.1 
Math and statistics........ (5.7) (100.0) (9.4) (25.5) 13.0 24.9 16.7 11.6 17.5 (3.7) 1.9 14.1 (43.7) (63.6) 7.0 10.0 
Computer sciences ....... 32.3 197° 83.3 15.8 64.8 59.2 46.6 21.8 24.3 35.8 24.4 68.6 16.9 18.5 90.3 56.3 
i) 13.0 (50.0; (34.8) 19.9 13.1 8.2 31.5 ~ 45.8 (50.0) 57.9 30.5 25.0 (40.3) 10.3 0.7 
Social sciences.......... 9.2 8.9 73.3 7.0 7.2 22.8 (3.1) (13.9) 2.6 12.3 10.8 38 (100.0) (73.8) 4848 3.8 
ee 9.5 (100.0) (16.7) 1.4 25.0 350.0 (50.0) 600.0 15.1 6.9 - (12.5) 46.2 (60.0) 8.0 62.1 
AR ee 2.4 28.6 28.8 (0.6) 11.3 24.2 (1.5) 2.5 18.3 16.6 27.3 (3.8) 43.1 (100.0) 44.5 18.2 
RS ced 6 bak GOES 11.6 67.3 30.7 10.9 (3.3) (8.6) 13.0 (2.3) 50.8 16.9 36.5 26.0 29.6 (35.0) 8.9 9.9 
Electrical/electronics ...... 24.1 76.0 86.2 28.0 46 (3.2) 21.2 (5.6) 40.0 24.6 11.8 (5.6) 6.2 (12.6) 30.6 10.5 
eee ere 10.5 800.0 62.7 2.9 1.4 38.7 10.9 0.0 41.8 18.5 75.7 (8.2) 31.4 (50.2) 8.2 18.0 
Pee re (9.5) 12.1 500.0 (13.1) (5.3) (9.7) (15.6) 16.7 0.0 11.9 (5.7) (33.3) (69.2) (37.0) (43.3) 16.7 
Pe (1.0) 450.0 66.7 (1.0) 16.7 (20.4) 13.7 (15.8) 25.5 26.5 54.0 43.7 26.9 (37.9) (17.0) 10.4 
ee 11.4 ~ - 7.2 0.0 0.0 (33.3) - - 6.8 - ~ 16.2 ~ - 275.0 
0 (6.5) - (6.5) (6.2) 200.0 (27.8) (80.0) 300.0 28.6 46.7 (64.7) 0.0 (75.0) (28.6) 22.2 (15.0) 
Chemical......... (14.3) - 200.0 (12.1) 53 (32.7) (11.4) 20.0 188 (18.2) (19.5) 7.4 0.0 (56.8) - (41.2) 
Ee 13.2 - 50.0 153 112.5 (50.0) 26.3 - 0.0 50.0 (6.7) - 8.1 (100.0) - 33.3 
PPS eee ree 418 - (29.7) 53.1 (13.6) (9.8) 29.6 (4.6) 117.9 21.7 52.0 29.0 2,609.5 (31.1) 21.1 (2.8) 


SOURCES: Office of Personnel Management (OPM), 


Collar and Blue-Collar Workers (Washington, DC. 1985), and Science Resources Studies Division, National Science Foundation, unpublished tabulations 


See figure 3-4 
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308 ¢ Appendix A. Appendix Tables 

Appendix table 3-3. 

Estimated full-time-equivalent scientists and engineers employed in R&D in the United States, by sector: 1969-89 

R&D scientisis&engineers Ratio of R&D scientists 

Labor force United States Industry’ All other? & engineers to labor force® 
~ Millions - _—— Thousands - 

eer 83.0 552.7 385.6 167.1 66.6 

RR 84.9 543.8 375.6 168.2 64.1 

0 ae 86.4 523.5 358.6 164.9 60.6 

be hk acti 88.8 515.0 354.0 161.0 58.0 

Se 91.2 514.6 358.9 155.7 56.4 

a 93.7 520.6 361.7 158.9 55.6 

Se 95.5 527.4 363.9 163.5 55.3 

a eer 97.8 535.2 373.6 161.6 54.7 

0 eee 100.7 560.6 393.6 167.0 55.7 

n.. <eame. eu 103.9 586.6 414.2 172.4 56.5 

663.00 Gene 106.6 614.5 437.3 177.2 57.7 

PRPS 108.5 651.1 469.2 181.9 60.0 

hn 110.3 683.2 498.8 184.4 61.9 

Se 111.9 711.8 525.4 186.4 63.6 

Sr 113.2 751.6 562.5 189.1 66.4 

a 115.2 797.6 603.3 194.3 69.2 

See 117.2 841.6 646.8 194.8 71.8 

0 eee 119.5 882.3 683.4 198.9 73.8 

a 121.6 910.2 702.2 208.0 749 

ee 123.4 927.3 714.4 212.9 75.2 

0 eee 125.6 949.3 726.0 223.3 75.6 


NOTE: Data are based on surveys of employers and include full-time employees plus the full-time equivalent of part-time employees. Data exclude scientists and 
engineers employed in state and local government agencies. 


‘industry data include professional R&D personnel employed at industry-administered federally financed R&D centers. Data exclude socia! scieritists. 


“Estimates are for the Federal Government (including managers of R&D), universities and colleges (including the number of full-time equivalent graduate students 
receiving stipends and engaged in R&D), other nonprofit institutions, and federally financed R&D centers administered by universities and other nonprofit institutions. 
Estimates since 1985 exclude military service personnel. 


*Number of full-time-equivalent scientists and engineers employed in R&D activities per 10,000 labor force population. 


SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1992, Final Report, NSF 92-330 (Washington, 
DC, NSF: 1992); and Bureau of Labor Statistics, Emp/oyment and Earnings. 
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Appendix tabie 3—4. 
Doctoral scientists and engineers primarily employed in R&D, by employment sector and degree field: 1991 
Industry Academia 
Basic Applied Develop- Basic Applied Develop- 
Degree field R&D research research ment R&D research research ment 
~ Percent 
Total science and engineering . . 48.4 3.8 27.5 17.1 36.1 23.7 11.9 0.6 
ee ek és ike. 46.2 4.5 29.3 12.4 36.4 25.4 10.6 0.4 
Physical sciences............ 55.6 48 35.7 15.1 43.1 30.0 11.7 1.4 
iia eos ey 6 oe RS 54.9 48 37.9 12.2 37.1 27.6 9.0 0.5 
Physics/astronomy .......... 57.2 48 30.3 22.2 49.1 32.3 14.4 2.4 
Mathematical sciences......... 44.0 2.6 19.7 21.7 26.2 19.5 5.8 0.9 
ER 47.9 2.6 19.0 26.3 25.2 19.4 48 1.1 
Statistics/probability.......... 31.4 2.4 22.1 6.9 32.1 20.2 11.9 4 
Computer/information sciences . . 58.2 7.3 25.0 25.9 458 27.0 18.0 0.8 
Environmental sciences........ 36.2 2.3 30.5 3.3 40.3 29.4 10.5 0.5 
Earth sciences ............. 34.6 0.8 31.1 2.7 30.2 22.8 6.9 0.5 
Oceanography ............. 42.9 8.2 29.8 5.0 71.4 57.7 13.7 . 
Atmospheric sciences ........ 43.5 10.4 24.9 8.3 58.0 30.7 26.8 0.6 
I, ¢ b'k'g 646 440404 44.2 5.8 29.0 9.3 52.3 38.5 13.5 0.3 
Biological sciences .......... 45.8 7.9 30.4 7.5 55.5 45.9 9.3 0.3 
Agricultural sciences......... 39.3 0.7 22.9 15.7 50.7 15.9 34.5 0.3 
Medical sciences............ 43.3 3.7 30.4 9.1 39.5 24.5 14.6 0.4 
+ 65 64-4044 UNTO ES 23.1 2.0 10.6 10.5 24.4 15.3 9.0 F 
eae 21.5 0.8 17.3 3.4 17.8 10.0 7.8 . 
a 20.6 1.4 18.2 0.9 23.1 10.9 12.1 
£ociology/anthropology....... 17.8 0.7 15.4 1.7 17.7 11.3 6.4 . 
Other social sciences......... 24.1 0.5 17.6 6.0 14.5 8.5 6.0 : 
a 53.7 2.2 23.3 28.1 33.6 10.8 21.4 1.4 
Aeronautical/astronautical ...... 65.4 0.4 34.1 30.8 36.7 15.7 19.8 1.2 
Pee rer ee 56.5 1.0 29.3 26.1 34.5 16.2 17.6 0.6 
ery ere ree 28.9 1.3 13.2 14.4 17.6 2.1 15.5 . 
Electrical/electronic........... 58.7 1.2 21.9 35.7 33.7 11.2 20.8 1.7 
ee ee eee 61.8 48 34,4 22.6 34.4 15.8 18.7 . 
ee 53.6 4.3 19.4 29.9 29.6 9.5 17.3 2.8 
eS eee ee ee 43.4 1.7 15.4 26.3 60.4 10.5 38.1 11.8 
Systems design ............. 44.7 “ 6.3 38.4 49.6 11.5 38.1 . 
Other engineering............ 47.0 3.5 18.0 25.5 38.5 11.5 26.0 1.0 


* = no cases reported 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: NSF, 


forthcoming). 
See figure 3-6. 
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Appendix table 3—5. 
Total and R&D employment of U.S. companies’ foreign affiliates, by country: 1982 and 1989 


1982 employment 1989 employment Change 1982-89 
Region/country Total R&D R&D/total Total R&D R&D/total Total R&D 
Thousands Percent Thousands Percent ~ 
I a las ld Sica aac lad  ld el 5,022.4 88.5 1.8 5,111.4 95.2 1.9 1.8 7.6 
eee ee ieee Lene «wks gk wien aes 780.6 8.4 1.1 889.2 10.4 1.2 13.9 23.8 
I dit ie a Seah ol it ie aes ack 2,248.5 67.6 3.0 2,308.0 68.0 2.9 2.6 0.6 
Belgium....... PS Pe Me oe 120.3 4.3 3.6 112.8 46 4.1 (6.2) 7.0 
es Bees eee a eke ee ee ee 293.2 6.5 2.2 338.1 7.0 2.1 15.3 7.7 
EE RA a iillaea Mee hae wet ek ae eh ke ae 173.4 4.1 2.4 160.9 44 2.7 (7.2) 7.3 
EL, 6 on ee kee ew enw ee is de 2 104.0 1.9 1.8 123.4 3.5 2.8 18.7 84.2 
i +h ces ents oe thee es ea 8-4 729.3 23.3 3.2 741.6 20.2 2.7 1.7 (13.3) 
RS 6 eb i aw ehh be 48 08 502.1 21.4 43 491.0 23.8 48 (2.2) 11.2 
All other European countries............... 326.2 6.1 1.9 340.2 45 1.3 43 (26.2) 
RTC Se re ee re eee 82.2 3.1 3.8 131.2 7.8 5.9 59.6 151.6 
Latin America & other Western Hemisphere .... . 993.8 46 0.5 964.9 43 0.4 (2.9) (6.5) 
EH weer a 917.3 48 0.5 818.1 4.7 0.6 (10.8) (2.1) 


SOURCE: Bureau of Economic Analysis (BEA), Department of Commerce, U.S. Direct Investment \broad: 1982 Benchmark Survey Data (Washington, DC: U.S. Government Printing Office, 1985); and BEA, U.S. Direct 
Investment Abroad: 1989 Benchmark Survey, Final Results (Washington, DC: GPO, 1992). 


See figure 3-7. 
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Appendix table 3-6. w 

Total and R&D employment of U.S. companies’ foreign affiliates, by industry: 1982 and 1989 e 

% 

1982 employment 1989 employment Change 1982-89 > 

industry Total R&D R&D/total Total R&D R&D/totai Total R&D < 

Thousands Percent Thousands Percent Percent & 

Allindustries. 5,022.4 88.5 18 5,111.4 95.2 1.9 18 76 é 

~~) 

i eee pa eeheksa6- ak 3,357.6 76.2 23 3,246.3 78.7 2.4 (3.3) 3.3 5 

Food and kindred products.................... 355.2 3.3 0.9 304.6 3.4 11 (14.2) 3.0 S 

Chemicals and allied products ................ 486.7 14.7 3.0 477.2 18.7 3.9 (2.0) 27.2 : 

eee ae ee 138.4 3.8 2.7 134.0 54 40 (3.2) 42.1 ~ 

Cd see eaetailiiet pita ties bbe he ae ba a 166.1 75 45 155.3 90 58 (6.5) 20.0 © 
RR GBrer GROMMOREB. . 2 ww ccc cece 182.2 3.4 19 187.9 43 2.3 3.1 26.5 
Primary and fabricated metals.................. 221.6 1.9 0.9 176.9 1.1 0.6 (20.2) (42.1, 
Machinery, except electrical................... 440.8 10.9 25 504.6 16.0 3.2 14.5 46.8 
Office and computing machines ............... 160.2 6.3 3.9 239.0 11.6 49 49.2 84.1 
i ee eink Kee obs abe eee 280.6 46 1.6 265.6 44 1.7 (5.3) (4.3) 
Electric and electronic equipment ............... 564.1 14.3 25 450.4 8.6 1.9 (20.2) (39.9) 
Transportation equipment..................... 578.6 19.1 3.3 598.8 20.4 3.4 3.5 6.8 
Motor vehicles and equipment................. 546.6 16.7 3.1 566.7 NA NA 3.7 NA 
Other transportation equipment................ 32.0 2.3 72 32.1 NA NA 0.3 NA 
ED « «544s & 66660006490 000R08 710.5 12.0 1.7 733.9 10.6 1.4 3.3 (11.7) 
Petroleum... .. (a bbebens s4.2e0cenkeuuee 356.0 2.2 0.6 240.9 16 0.7 (32.3) (27.3) 
 .. oc an’ G44 Od KERORCRREEBED ESS 427.4 5.7 1.3 498.3 6.7 13 16.6 17.5 
+. gnc 55.0.6 6000 Reeee wae 365.6 3.6 1.0 527.2 6.9 13 442 91.7 
i a hl a al 515.8 0.8 0.2 598.6 1.2 0.2 16.1 50.0 


NA = not available 


SOURCES. Bureau of Economic Analysis (BEA), Department of Commerce, U.S. Direct Investment Abroad: 1982 Benchmark Survey Data (Washington. DC: Government Printing Office. 1985); and BEA, U.S. Direct 
investment Abroad: 1989 Benchmark Survey, Final Results (Washington, DC: GPO, 1992) 


See figure 3-7 Science & Engineering Indicators - 993 
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Appendix tabie 3-7. 
Employed wage and salary workers who usually work full time, by occupation: 1987 and 1992 
Employment Change 
Occupation 1987 1992 1987-92 
Thousands Percent 
Total, all occupations 80.836 84.143 41 
Managerial and professional specialty occupations 20,894 23.246 11.3 
Executive, administrative, and manageria! 10.216 11,287 10.5 
Professional! specialty occupations 10.678 11.959 120 
Architects ....... 74 82 108 
Engineers 1.641 1,594 (2.9) 
Aerospace 106 83 (21.7) 
Metallurgical and materials 21 21 0.0 
Mining. | ' 5 = (20.0) 
Petroleum... : 26 17 (34.6) 
Chemical . 58 64 10.3 
Nuclear... 16 6 (62.5) 
Civil... +e 200 197 (1.5) 
Agricultural . ’ 1 2 100.0 
Electrical/electronic st 513 472 (8.0) 
Industrial . - . 225 200 (11.1) 
Mechanical rT 250 286 144 
Marine and naval architects j - 11 14 27.3 
All other engineers . e 207 228 10.1 
Mathematical and computer scientists . neal 628 861 37.1 
Natural scientists , ' : eee he 357 402 12.6 
Physicists and astronomers . - cas . Pere 26 23 (11.5) 
Chemists, except biochemists . eae eee Te a 121 120 (0.8) 
Atmospheric and space scientists... _.. TT) CTT 12 7 (41.7) 
Geologists and geodesists .._._ . a aie as Terror. 36 47 30.6 
All other physical scientists... .. .. : bay chaee ks aaa rrr 13 30 130.8 
Agricultural and food scientists ................. Terror T Teer CT TT 25 20 (20.0) 
re fede baad hs ewbbedes ea ich ent uae Seeen 66 81 22.7 
Forestry and conservation scientists ................ TrTerrrrTe Tere S 22 22 0.0 
ois ies ba kb eae ee ova PUCETVCTUPTT TUrT TY Cr ere 36 53 472 
Physicians ..... . Teter. Pero POTT OTeCTET Teer TT TT ee 239 294 23.0 
Registered nurses... Sse ee ee 060 9eusdeneeees oie 1,125 1,266 12.5 
a ee er TEEVTSETTT TT er rere 104 143 37.5 
Teachers, college and university. . be ver 00966 eemas Dae abeeda 480 495 3.1 
Teachers, except college and university.................. TeV TCT eT Tee 2,894 3,418 18.1 
Social scientists and urban planners ............ £+6K6 chaeeeeas belasesel 217 232 69 
RN ke bao 540 eh 4b 0 08d CAS 44600 4 O eke eee 92 93 1.1 
PE k> & ch ph tone ees Co O46CORe Oe Teer eT re TET TT TeT TT 103 102 (1.0) 
Social workers........... fo 64neeee 64008 0% paweees 428 523 22.2 
Lawyers....... 7T ners MTT IVC TT Te jee eee deus 338 381 12.7 
Editors and reporters... .. ; kes ee rrr Tere rT 210 197 (6.2) 


SOURCE Bureau of Labor Statistics. Current Population Survey, unpublished tabulations 
See figure 3-8 Science & Engineering indicators - 1993 
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Appendix table 3-8 
Median annual salaries of engineers, by industry: 1987 and 1992 


Salanes Change 
industry 1987 1992 1337-92 
Dollars Percent 

All industries 47.150 54.900 16.4 
All man: ‘acturing indusizie + 46.050 53,850 16.9 
Aeros pace 44 950 52.650 17.1 
Chemicals. drugs. and plastics 51.000 65.400 28.2 
Electric machinery/electronics/computers 43,900 32.250 30 
Electrical machinery 42 500 48.900 15.1 
Electronic equipment 43.800 52.150 19.1 
Computers 48.350 56.950 17.8 
Fabricated meta! products 44 500 47.700 72 
Nonelectrical machinery 40.250 49.15) 22.1 
Petroleum 57.000 72.500 27.2 
Precision instruments 43,400 52.300 20.5 
‘ther durable goods 45.800 57.800 26.2 
Other nondurable goods 45 800 58.900 28.6 
All nonmanufacturing industries 48.950 56.150 147 
Construction 41.750 58.600 404 
Consu''rg and engineering services 46 450 57.300 23.4 
Electric and gas utilities 47.700 57,500 20.5 
Research and development organizations 53.250 63,500 192 
Ot er mnmanufacturing 44.950 53,-00 19.0 


SOURCE Engineering Worktorce Commission. annual survey of engineers salanes. 1987 and 1992 Special Industry 
Reports 
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Appendix table 3-9. 

Median annual salaries of engineers working in 
industry, by supervisory status and degree ievel: 
1987 and 1992 


Degree level Salanes Change 

and supervisory status 1987 1992 1987-92 

Dolia-s Percent 
All engineers 47,150 54.900 16.4 
Supervisor 59.450 70,050 178 
Nonsupervisor . 42.650 50,050 17.4 
Bachelors... ._. 44,150 52,550 19.0 
Supervisor .. 56,150 67,800 20.7 
Nonsupervisor. .. . . 40,250 48.100 19.5 
Masters Kanal : 51,950 59,350 14.2 
Supervisor Siew 63,750 73,100 14.7 
Nonsupervisor. . 46,550 54,150 16.3 
Doctorate . . ere 59,700 70,600 18.3 
Supervisor 70,550 84.600 19.9 
Nonsupervisor 55,200 64,550 16.9 


SOURCE: Engineering Workforce Commission, annual survey of engineers 
salanes, 1987 and 1992 Special industry Reports 
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Appendix table 3-10. i) 

Civilian defense-related employment, by selected occupation: 1987, 1992, and projected for 1997 © 

© 

Employment Change Change 4 

Occupation 1987 1992 1997 1987-92 1992-97 1987-97 1987-92 1992--97 1987-97 S 

Thousands Percent ® 

Total, all civilian occupations............................. 5,038.8 4,330.1 3,010.6 (708.7) (1,319.5) (2,028.2) (14.1) (30.5) (40.3) a 

S 

Executive, administrative, and managerial occupations............ 631.9 549.0 406.0 (82.9) (143.0) (225.9' (13.1) (26.0) (35.7) &. 

All professional specialty occupations ....................005. 724.6 629.7 495.1 (94.9) (134.6) (229.5) (13.1) (21.4) (31.7) = 

OE a ee ee 282.2 227.7 162.2 (54.5) (65.5) (120.0) (19.3) (28.8) (42.5) G 

EE 34.6 26.8 18.3 (7.8) (8.5) (16.3) (22.5) (31.7) (47.1) . 

EES ee 5.0 4.4 3.1 (0.6) (1.3) (1.9) (12.0) (29.5) (38.0) & 

ee 15.0 13.5 10.9 (1.5) (2.6) (4.1) (10.0) (19.3) (27.3) ba 
ta a oa oe Make be ne hie se ke £04 86.4 70.4 51.4 (16.0) (19.0) (35.0) (18.5) (27.0) (40.5) 
Ee ee 29.3 22.3 14.3 (7.0) (8.0) (15.0) (23.9) (35.9) (51.2) 
ee ie a oes 6 eee e 40's Cae MaRS &8 37.4 30.6 21.6 (6.8) (9.0) (15.8) (18.2) (29.4) (42.2) 
Ce re 3.8 3.1 2.1 (0.7) (1.0) (1.7) (18.4) (32.3) (44.7) 
re 0.4 0.4 0.3 0.0 (0.1) (0.1) 0.0 (25.0) (25.0) 
Re a hae ee Re Can eee oe dea ald aden. oe BO 3.6 3.3 2.5 (0.3) (0.8) (1.1) (8.3) (24.2) (30.6) 
RRR EA ee ee ee 1.1 1.0 0.8 (0.1) (0.2) (0.3) (9.1) (20.0) (27.3) 
EE Es oe 65.6 51.9 37.0 (13.7) (14.9) (28.6) (20.9) (28.7) (43.6) 

a i aaa tl Dai ek ie lt ek nen en 4 08 8 A 24.7 23.4 20.6 (1.3) (2.8) (4.1) (5.3) (12.0) (16.6) 

Computer, mathematical, & operations research analysts ......... 69.8 61.9 54.5 (7.9) (7.4) (15.3) (11.3) (12.0) (21.9) 

i Ce ee eee oon o 6 oe Oe 08 4484 Oe 888 27.5 25.8 20.8 (1.7) (5.0) (6.7) (6.2) (19.4) (24.4) 

ee 9.4 8.7 6.8 (0.7) (1.9) (2.6) (7.4) (21.8) (27.7) 
Geologists, geophysicists, and oceanographers ............... 5.7 5.3 4.5 (0.4) (0.8) (1.2) (7.0) (15.1) (21.1) 
i s. -Ace ee eObe ahs 44441044 4d be EO Mes 1.6 1.5 1.3 (0.1) (0.2) (0.3) (6.2) (13.3) (18.8) 
TTT E ETE TET ETL ETEE ETE 5.0 4.9 3.5 (0.1) (1.4) (1.5) (2.0) (28.6) (30.0) 
EE EET TO TPETE CET TC CECE TEEE LECT 5.9 5.5 4.8 (0.4) (0.7) (1.1) (6.8) (12.7) (18.6) 

CC Ee ee ee ee ee 13.7 13.0 10.7 (0.7) (2.3) (3.0) (5.1) (17.7) (21.9) 

All other professional specialty occupations ................... 306.7 277.9 226.3 (28.8) (51.6) (80.4) (9.4) (18.6) (26.2) 
Technicians and related support occupations................... 228.6 253.5 194.5 (35.1) (59.0) (94.1) (12.2) (23.3) (32.6) 
ee ee ee eh thee en kd 3,393.7 2,897.9 1,915.0 (495.8) (982.9) (1,478.7) (14.6) (33.9) (43.6) 

SOURCE: Bureau of Labor Statistics, unpublished data. : 
See figure 3-5. 4 J ’ Science & Engineering Indicators — 1993 
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Appendix table 3-11. 
Unemployment rates for selected occupations: 1987-93 
csi Quarterly | | 
<“ -iainaaiinatiie 1st 2nd 3rd 4th 1st 2nd 3rd 
Occupation 1987 1988 1989 1990 1991 1992 1992 1992 1992 1992 1993 1993 1993 
Percent 
Total, alloccupations.....................0.00020005. 5.5 49 4.7 5.0 6.0 6.7 7.4 6.6 6.5 6.3 7.0 6.1 5.9 
Managerial and professional specialty occupations ............ 2.3 1.9 2.0 2.1 2.7 3.1 2.9 3.1 3.5 3.0 3.3 2.9 3.0 
Executive, administrative, and managerial occupations ........ 2.6 2.1 2.3 2.3 3.2 3.7 3.6 3.7 4.0 3.7 3.9 3.3 3.2 
Professional specialty occupations....................... 2.0 1.7 1.7 1.9 2.3 2.6 2.3 2.6 3.1 2.3 2.7 2.6 2.8 
a st ie a RO el a ke eee ae ce wake oa et 1.0 1.2 2.4 3.7 6.0 5.6 — — — —_— — — — 
EE en er ee eee 2.3 1.6 1.4 2.1 2.6 3.8 4.2 3.9 3.5 3.7 4.0 a4 3.8 
Rs is eT ee eek hh hn Cheek ae eeeeee 1.5 1.5 0.5 1.9 2.4 4.7 — — — _— —_ — — 
a 3.0 5.9 0.2 4.2 -0.1 5.6 — _ — — — — — 
EE ee ee ee eS eee 1.1 0.7 0.8 1.5 3.0 3.4 — — — — — — — 
ae ee ee eer 3.1 1.3 1.6 1.7 3.3 3.2 _ —_— — — — — — 
eR. cena hank) 044 644s 645400800000 2 Oo 1.6 1.5 1.3 1.8 2.5 3.5 — — _ — — — — 
ES ee eee eee 2.3 1.5 2.1 3.6 2.1 4.9 -— — — — — — — 
er Pe ee ere ee 1.8 1.8 1.3 2.0 1.7 4.7 — — — — — _— — 
Mathematical and computer scientists.................... 1.9 1.7 1.8 1.5 4.2 2.6 2.3 2.0 2. 3.2 3.7 2. 2.2 
As een weg 6408 e602 eae bbe s 4 0EeER 2.6 1.0 1.4 1.5 3.3 2.3 2.8 2.0 1 2 2.7 2 3 
a 1.0 1.7 0.2 0.8 2.9 0.0 — — — — — — — 
Chemists, except biochemists ....................005. 1.8 0.6 1.8 1.3 3.3 1.7 — — _ — —_ _ — 
hs oe ke oe ek eehe ENE EREO EOE eS 6.8 1.9 2.5 1.9 4.7 48 -- — _ — — — — 
Agricultural and food scientists....................005. 1.4 1.6 2.4 4.0 2.4 2.9 — — _ _ — _ —_— 
Biological and life scientists .....................5005- 2.8 1.7 1.0 2.6 4.0 2.9 — —_ _ _ _ — — 
ee eee res ee eee ee eee 0.5 0.9 0.6 0.5 0.7 1.8 — — — — — — —_— 
CS. «cheat eeu Se a hok 600 CdN60S 6000 ERE 0.5 0.7 0.2 0.4 0.1 0.5 0.1 0.4 0.8 0.5 0.2 1.0 0.9 
I eT re eee ee ee ee 0.9 1.2 1.3 1.1 0.9 1.1 0.8 1.0 1.4 1.3 1.3 1.1 1.4 
CC EE OO ee ee ee eee ee eee ee eee 0.1 0.7 1.1 0.2 0.3 0.8 0.3 1.2 1.6 0.2 0.7 0.0 1.2 
Teachers, college «nd university....................085. 1.5 1.8 1.6 2.0 1.4 2.1 0.9 2.3 46 1.1 2.0 2.8 3.1 
Teachers, except college and university .................. 2.0 1.7 1.7 1.9 1.7 2.1 1.2 1.9 3.4 1.8 1.8 2.1 3.1 
Social scientists and urban planners..................... 2.3 2.4 1. 2.2 3.4 3.3 4.3 4.0 2.8 2.0 3.5 2.8 3.5 
FETT TT CR TTETETTCTPE PLETE CerETe 2.7 4.3 2.9 3.2 6.0 5.6 — —_— — — _ _ _ 
TT Serer rT rr rrr rT Tre rer err re 1.7 1.2 1.2 1.8 1.7 2.0 _— _ — —_ — — _ 
ETT CSTE PCE TEETER CETTE TUT eT T TT 2.9 2.5 2.1 2.4 3.3 3.7 3.7 3.9 3.7 3.3 2.8 2.6 3.9 
EFT TT TTT TERETE TTCRITL ET TTR EEETELe 0.9 0.9 0.9 1.1 0.9 1.2 1.3 1.4 1.4 0.8 0.9 1.6 0.9 
CI ee Te eee ee ee 2.0 2.4 2.0 3.7 2.2 3.1 2.0 4.0 4.0 2.7 3.2 2.2 4.1 


— = data are not separately reported here, but are included in totals. 


SOURCE: Bureau of Labor Statistics, Current Population Survey, unpublished tabulations. 


See figure 3-9. 
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Appendix table 3-12. 
Median annua! earnings of wage and salary workers who usually work full time, 
by selected occupation: 1987 and 1992 


a Earnings Change 
Occupation 1987 1992 1987-92 
-—-Dollars —Percent—- 
Votel, ei ecoupations ................-..- .. 19,396 23,140 19.3 
Managerial and professional specialty occupations... 27,144 34,060 25.5 
Executive, administrative, and managerial........ 27,560 33,800 22.6 
Professional specialty occupations ............. 26,936 34,268 27.2 | 
I ee ee Se \ 33,124 35,984 8.6 | 
I a a al i Go ee 37,440 44,824 19.7 
Ee ee re ee 39,364 49,244 25.1 
16 sis divkdehs ka tetaneeusn wen 42,068 51,064 21.4 
Re er en mee, war gan” 34,528 43,160 25.0 
BipowionVelecwonic .. ww eee ees 38,272 46,384 21.2 
Rs i os i ang ban vee oe ha eh 00 eeeaee 34,736 40,664 17.1 
ee ee Pe eee 37,544 42,796 14.0 
Mathematical and computer scientists.......... 32,448 41,548 28.0 
tie 6 eee eed nb be 4 ne ee 31,980 38,012 18.9 
Chemists, except biochemists............... 32,812 39,416 20.1 | 
Biological and life scientists................. 27,300 34,476 26.3 
tic ih as eek kkk Cb48 4 aee O88 Se 36,296 52,364 44.3 
i ¢ cs. cee eee Cees +e eeens €4 25,064 34,424 37.3 
Ce ee ee eee 35,204 45,032 27.9 
Teachers, college and university.............. 33,020 41,548 25.8 
Teachers, except college and university......... 24,440 29,172 19.4 
Social scientists and urban planners ........... 27,872 36,660 31.5 
CE ee ee eee eee 33,020 38,896 17.8 
Psychologists ....... Vereterre Terr TT 25,116 34,580 37.7 | 
ES fii nee k ek 4 ode ek ache bac 21,476 25,428 18.4 
CE ere rrr eT Pree ee ee 42,328 56,420 33.3 
CS 23,452 30,212 28.8 


SOURCE: Bureau of Labor Statistics, Current Population Survey, unpublished tabulations. 
See figure 3-10. Science & Engineering Indicators — 1993 
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Appendix table 3-13. 
Average annual salary offers to bachelors degree candidates, in selected fields: 1988-93 
Salary offers Change from 
Degree field 1988 1989 1990 1991 1992 1993 1988-89 1989-90 1990-91 1991-92 1992-93 
Dollars ——_—__—————— 
Aoonumling. ............ 24,000 25,223 26,391 26642 27,179 27,493 5.1 46 1.0 2.0 1.2 
Business administration ... 21,456 22,450 23,529 24,019 24,305 24,555 4.6 4.8 2.1 1.2 1.0 
Communications......... 20,220 20,819 21,002 21,852 21,262 21,498 3.0 0.9 4.0 (2.7) 1.1 
Eee 23,652 24915 28,270 29,596 31,732 31,064 5.3 13.5 4.7 7.2 (2.1) 
Engineering 
Aerospace/aeronautic.... 28,176 29,433 30,509 30667 31,826 31,583 4.5 3.7 0.5 3.8 (0.8) 
 660-0s4%a0e 08 30,996 32,949 35,122 37,492 39,203 39,482 6.3 6.6 6.7 46 0.7 
th deen e's ake 25,596 27,046 28,136 29,658 29,376 29,211 5.7 4.0 5.4 (1.0) (0.6) 
Lh wists nee 09d be 29,736 30,244 31,490 32,280 32,848 33,963 1.7 4.1 2.5 1.8 3.4 
re 29,736 30,594 31,778 33,190 33,754 34,313 2.9 3.9 4.4 1.7 1.7 
Tr 28,476 29,660 30,525 32,131 32,348 32,940 4.2 2.9 5.3 0.7 1.8 
Mechanical............ 29,388 30,490 32,064 33,999 34462 34,460 3.7 5.2 6.0 1.4 0.0 
Petroleum ............ 32,016 32,789 35,202 38,882 40,679 38,387 2.4 7.4 10.5 46 (5.6) 
Biological sciences....... 20,364 21,495 21,800 21,917 21,851 21,558 5.6 1.4 0.5 (0.3) (1.3) 
hi abn 'g 44 oc 26,004 26,307 27,494 26,836 27,557 28,002 1.2 4.5 (2.4) 2.7 1.6 
‘Computer science........ 27,408 28,659 29,804 30,696 30,523 31,329 4.6 4.0 3.0 (0.6) 2.6 
Mathematics ........... 26,724 26,407 27,032 27,370 28,434 26,524 (1.2) 2.4 1.3 3.9 (6.7) 
is ia. 6 nue vebews 27,816 28,022 28,022 29,227 29,019 26,835 0.7 0.0 4.3 (0.7) (7.5) 
PD cree eee ewes 20,592 19,400 20,688 20,541 20,180 20,571 (5.8) 6.6 (0.7) (1.8) 1.9 
ee NA 18,979 20,134 20,341 21,015 22,079 NA 6.1 1.0 3.3 5.1 


NA = not available 
SOURCE: College Placement Council, Survey of Beginning Salary Offers, annual series. 
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Appendix table 3-14. 
Employed doctoral scientists and engineers, by degree field and type of employer: 1991 


Educational Federal State & local Nonprofit 
Degree fieid Total industry institutions Government government organizations Other 
Total science and engineering .................. 437,206 157,256 206,225 27,610 10,357 15,848 19,910 
Ee ae me 367,440 117,650 183,278 23,794 9,948 13,929 18,841 
NS, in 6 i 6k Ae aaa Be 80,872 42,086 29,368 5,006 604 2,461 1,347 
EL, «6 6.0 ds cst hhea-eh¢.0ce edo 20,049 4,094 14,280 945 57 465 208 
i i ek els oe e «5 5,376 2,638 2,494 65 NA 82 NA 
| ee 13,263 3,729 5,508 2,568 777 473 208 
eit ee eded eee hha be bere ek 113,743 29,619 62,767 9,060 2,654 4,150 5,493 
ESE er eee ee eee 65,672 24,080 24,850 1,775 2,692 2,975 9,300 
ieee CCS hae eehnk eee’ oR eae 68,465 11,404 44,011 4,375 3,164 3,323 2,188 
Se re 69,766 39,606 22,947 3,816 409 1,919 1,069 
Astronautical/aeronautical..................-.-.. 3,087 1,664 1,059 247 0 83 34 
chen Cekdeeheee en 66404060 RN wOKRS 10,633 7,427 2,369 296 0 341 200 
Se 7,512 3,393 3,068 609 203 145 94 
i stn e a eens RH ee eee ae eee eA 16,994 10,116 5,458 688 10 549 173 
e616 tL che eeehe ens een a tea e hee 8,680 4,773 2,931 600 33 257 86 
ee 22,860 12,233 8,062 1,376 163 544 482 


NA = not available 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: NSF, forthcoming). 


See figure 3-11. 
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Appendix table 3-15. 
Median annual salaries of full-time employed doctoral scientists and engineers, by degree field 
and type of employer: 1991 


Appendix A. Appendix Tables 


Total Educational Federal Nonprofit 

Degree field employed Industry institutions Government organizations 
Total science and engineering............... 60,700 70,200 56,300 60,300 59,600 
i as Bis yi A thle 59,000 69,000 55,200 59,700 55,600 
i i i a 65,100 68,800 61,100 61,700 63,500 
Rs aa eek Yaa tes wed eel 63,200 66,900 56,500 61,300 57,500 
Ne oka ps ot ieee ee 67,100 73,000 64,500 62,700 65,900 
Mathematical sciences..................... 60,800 70,700 56.700 70,300 
nn 60,100 70,600 55,800 74,200 . 
nr ee 62,400 70,800 60,000 . 
Computer and information sciences........... 68,100 75,600 63,600 , ? 
Environmental sciences .................... 60,200 70,300 55,600 62,200 55,900 
ERE IT SG 60,300 72,100 55,400 62,700 ’ 
Rr 60,400 67,400 56,000 60,300 
Atmospheric sciences..................... 58,300 “ 51,900 , . 
ESE er 55,500 65,200 52,100 54,500 56,700 
6 ab 4 6 we ib NOW 6% O0 On 55,500 65,500 52,000 54,500 56,400 
Agricultural sciences...................... 51,500 55.600 50,100 54,200 ¥ 
i. 15's 66:55 bee ee ee h4 4 0680. 59,500 70,900 55,000 57,990 59,800 
tech ees skh eee ee bees ASKS 55,500 70,500 53,400 54,700 50,000 
ee ta a kN ee iy 56,000 70,500 55,000 66,000 52,400 
he eee eae ke ea ks 6 4a eee 64,200 90,200 60,400 68,500 ’ 
Sociology/anthropology.................... 50,500 50,000 51,300 52,400 40,500 
a 55,200 73,000 52,400 67,400 56,000 
echt ees ese en's chtuade es 70,200 71,400 67,800 65,400 72,200 
Aeronautical/astronautical................... 73,200 75,600 72,300 r . 
ee 71,400 74,400 66,200 " 
head ween 6 4 OX dak 98 40.00 4460400000's 65,200 64,900 66,400 63,900 . 
ee 74,200 75,900 72,800 70,809 70,400 
ee Se eee ee ee eee ee 64,800 62,900 70,700 . 
er eee 68,900 73,200 67,200 59,900 . 
Eyer eeT rr Terr cre Tee 70,400 67,700 70,500 ' . 
nS vs 4-966 646 64d eee RRR 71,300 72,800 69,000 ° : 
CE «rssh bacchiseseaneee ee cad 68,000 70,500 66,400 61,200 


* = NO medians were computed for groups with fewer than 20 individuals reporting salary 


SOURCE: Science Resources Studies Division, National Science Foundation, Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: NSF. 


forthcoming). 
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Appendix table 3-16. D 

Employed wage and salary workers who usually work full time, by selected occupation and sex: 1983 and 1992 ® 

& 

1983 1992 > 

Employment Women as Employment Women as & 

proportion of total proportion of total a 

Occupation Total Men Women employment Total Men Women employment 2 

Thousands Percent Thousands Percent é 

Total, alloccupations ...................... 70,976 42.309 28,667 40.4 84,143 47,877 36,266 43.1 a 

& 

Managerial and professional specialty occupations. . . 7,451 10,312 7,139 40.9 23,246 12,082 11,165 48.0 $ 

Executive, administrative, and managerial ) 

Ne ee al a el aide | whe «ee oi 8.117 5,344 2,772 34.2 11,287 6,370 4.918 43.6 © 

Professional specialty occupations ............ 9,334 4.967 4,367 46.8 11,959 5,712 6,247 52.2 ® 
ESS £ ls 650d CHAD 40.4.6.5 64:0 04.0 4 60 53 8 13.3 82 72 10 12.2 
NN sd ile he Mike oe 6 se hee owe o 4 1,487 1,3 88 5.9 1,594 1,456 139 8.7 
alate tei i. oie ie wi oh 6 6 8 82 76 6 7.3 83 78 5 6.0 
Metallurgical and materials ................ 27 <3 2 7.4 21 20 i 48 
i, ih bth’ ahh cae ee eh Ss we we Wee 7 7 0 0.0 a 3 0 0.0 
I ee ae ek a i a 33 30 3 9.1 17 16 1 5.9 
I (ike a A Rin hd a het a tl vad 67 64 4 6.0 64 61 3 4.7 
EE, £0 ee eh ok Be te ae ee eee 15 15 0 0.0 6 5 1 16.7 
ie Nis eee Cie eee eee ceed kee 187 180 7 3.7 197 182 15 76 
ee ee ee eee a J 0 0.0 2 2 1 50.0 
as obo ck oad eee eee 427 399 28 6.6 472 434 38 8.1 
ra 204 182 22 10.8 200 170 29 14.5 
Ee ee ee 243 234 8 3.3 286 273 13 45 
Marine and naval architects................ 12 12 0 0.0 14 14 0 0.0 
EE ee ee 178 170 8 45 228 196 32 14.0 
Mathematical and computer scientist.......... 421 296 125 29.7 861 572 289 33.6 
eS is 6. bh 6 bbe oe «8 O88 « 318 258 61 19.2 402 289 113 28.1 
Physicists and astronomers................ 31 29 2 6.5 23 20 3 13.0 
Chemists, except biochemists.............. Ga 77 22 22.2 120 84 36 30.0 
Atmospheric and space scientists ........... 10 10 0 0.0 7 7 0 0.0 
Geologists and geodesists ................ 49 40 8 16.3 47 42 5 10.6 
All other physical scientists................ 8 6 2 25.0 30 19 11 36.7 
Agricultural and food scientists ............. 24 22 2 8.3 20 15 4 20.0 
Biological and life scientists................ 50 32 19 38.0 81 49 32 39.5 
Forestry and conservation scientists ......... 31 31 0 0.0 22 18 4 18.2 
CR, 0642006005668 b08000 608 17 12 5 29.4 53 34 18 34.0 
16h eee ekereseeketiedesaueees 224 173 51 22.8 294 217 77 26.2 
eres Te 953 53 900 94 4 1,266 82 1,184 93.5 
ee ear ee 108 78 30 27.8 143 83 61 42.7 
Teachers, college and university............. 414 296 118 28.5 495 328 167 33.7 
Teachers, except college and university........ 2,673 855 1,818 68.0 3,418 916 2,502 73.2 
Social scientists and urban planners .......... 194 111 82 42.3 232 113 118 50.9 
ES ee eee ee eee 85 54 31 36.5 93 49 44 47.3 
FE TT Tee Tee eT 89 41 48 53.9 102 43 60 58.8 
iG “56: 5-06.6-66 a0 b6 400408 60006 358 133 225 62.8 523 172 351 67.1 
FETE eee Terre eT Tre TTT 287 229 58 20.2 381 263 117 30.7 

SD . 6c ceeeeseeeseeders 165 87 78 47.3 197 105 92 46.7 e 

NOTE: Details may not sum to totals because of rounding. 8 

SOURCE: Bureau of Labor Statistics, Current Population Survey, unpublished tabulations. oP, | 
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Appendix table 3-17. 
Employed wage and salary workers who usually work full time, by selected occupation and race/ethnicity: 1983 and 1992 
Employment Proportion of total employment 
Hispanic Hispanic 
Occupation Total White Black origin Other Black origin Other 
Thousands Percent 
1983 
ss eee ee SL a ee tt ee eee 70,976 61,739 7,373 4,127 1.864 10.4 58 26 
Managerial and professiona® specialty occupations ....... 17,451 15,843 1,100 472 508 6.3 2.7 29 
Executive, administrative, and managerial................. 8.117 7,513 424 230 180 5.2 28 22 
Professional specialty occupations...................... 9.334 8,331 676 242 327 7.2 26 3.5 
i chee t Leeds. os 694 ees 0 eebnee e's 1,487 1,369 38 33 80 2.6 2.2 5.4 
Mathematical and computer scientists... ................ 421 380 22 11 19 5.2 2.6 45 
ee as cen oe ekcneaeeews 318 287 10 6 21 3.1 19 6.6 
Health-diagnosing occupations........................ 254 215 8 13 31 3.1 5.1 12.2 
Health assessment andtreating...... ............4.. 1,340 1,143 117 31 80 8.7 2.3 6.0 
Teachers, college and university werner ee te 414 382 16 5 16 3.9 1.2 3.9 
Teachers, except college and university ................. 2.673 2.378 263 77 32 98 29 1.2 
Lawyers andjudges ........ (eeee 6 bh bs 4644000068 0 321 30t: 9 5 6 28 1.6 19 
Other professional specialties ...................0045. 2,106 1.871 192 60 43 9.1 2.8 2.0 
Engineering and science technicians ................555-. 945 848 65 32 32 6.9 34 34 
All other occupations........... 52,580 45.048 6.208 3,623 1,324 118 6.9 25 
1992 
Total, alloccupations....__. 84,143 71,630 9,537 6.986 2.976 11.3 8.3 3.5 
Managerial and professional specialty occupations ............ 23,247 20,617 1,708 952 922 7.3 4.1 40 
Executive, administrative, and managerial................. 11,288 10,205 746 495 337 6.6 44 3.0 
Professional specialty occupations..... 2... 2... eee 11,959 10,467 962 456 530 8.0 3.8 44 
SD, + i.«40hed4 SPU Re eee ee 64 & 00004 65 084 0%. 0° 1,594 1,407 64 49 123 40 3.1 7.7 
Mathematical and computer scientists... ................ 861 736 61 28 64 7.1 3.3 74 
bch ci hanks 6 O60 be 6 <6:0600 Ob 60:05 402 362 11 12 29 2.7 3.0 7.2 
Health-diagnosing occupations... . 0... eee 341 284 16 19 41 47 5.6 12.0 
Health assessment and treating....... 2... ....0.0 00455. 1,791 1,497 189 63 105 10.6 3.5 5.9 
Teachers, college and university ...... 2... 6... eee 495 440 24 13 31 48 2.6 6.3 
Teachers, except coll'32 and university ................. 3,418 3,038 325 123 55 95 3.6 1.6 
ED ..nbetevceosccbdesdcecrsvessees 412 384 21 12 7 5.1 2.9 1.7 
Other professional specialties ........ 2... .......0005.. 2,645 2.319 251 136 75 95 5.1 28 
Engineering and science technicians ...... 2.0... 0.00055. 1,044 912 83 49 49 8.0 47 47 
ee ee ee ee ere eee 59,852 50,101 7,746 5,985 2,005 12.9 10.0 3.3 


NOTE: Details may not sum tc totals because of rounding 


SOURCE. Breau of Labor Statistics, Current Population Survey, unpublished tabulations 


See figure 3-14 
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Appendix table 3-18. oD 
immigrant scientists and engineers, by region/country of birth and occupation: 1976 and 1982-92 2 
(page 1 of 2) 3 
Ro 
Region/country 1976 1982 1983 1984 1985 1987 1989 1990 1991 1992 1976 1982 1983 1984 1985 1987 1989 1990 1991 1992 BY 
sumteneeens  S 
—— —_——___—_—__ i ior meee Oe | - 
All scientists and engineers 3 
All regions/countries 7,782 12,188 10,566 9,502 10,980 11,316 11,868 12,659 14,111 22,871 100.0 100.0 100.0 100.0 100.0 1090 190.0 100.0 100.0 100.0 | a 
Western Europe 1,147 1,677 1,684 1,557 1,604 1657 11,642 2,045 1,506 2,700 14.7 138 159 164 146 146 138 162 107 118 S 
Eastern Europe 994 1,247 658 740 830 682 1,039 1,463 2,553 2,806 12.8 10.2 6.2 7.8 7.6 6.0 88 116 181 123 | s 
Near & Middle East 429 1,218 1,229 1,289 1,428 1,329 1,305 1,287 1,278 1,592 5.5 100 116 136 13.0 117 110 102 9.1 7.0 | | 
Far East 4,058 5,711 4,922 4049 4942 5272 5,596 5,382 6,317 12,669 52.1 469 466 426 450 466 472 425 448 55.4 re 
Africa 322 577 537 450 498 570 510 551 551 699 41 47 51 47 #45 509 43 #44 #39 ~~ 31 8 
Canada 178 340 282 248 330 378 304 432 339 512 2.3 2.8 2.7 26 30 33 26 3.4 2.4 2.2 | 
S. America & Mexico 310 661 646 606 685 7¢8 745 742 739 1,041 4.0 5.4 6.1 64 62 68 6.3 5.9 5.2 46 
All other areas 344 757 608 563 663 660 727 757 828 852 4.4 6.2 5.8 59 60 58 6.1 6.0 5.9 3.7 
Natural scientists 
All regions/countries 1,527 1,756 1,451 1,173 1,342 1,292 1,238 1,231 1,298 2,796 100.0 100.0 100.0 100.0 100.0 109.0 100.0 100.0 100.0 100.0 
Western Europe 286 261 261 225 252 269 233 293 197 419 18.7 149 180 192 188 208 188 238 152 15.0 
Eastern Europe 133 125 89 101 138 94 139 127 241 360 8.7 7.1 6.1 86 10.3 73 112 103 186 129 
Near & Middle East 58 116 94 107 112 91 88 87 97 136 3.8 6.6 6.5 9.1 8.3 7.0 7.1 7.1 7.5 49 
Far East 784 774 670 463 509 499 503 435 502 1,528 513 441 462 395 379 386 406 353 38.7 546 
Africa 67 102 101 72 68 83 63 72 61 96 4.4 5.8 7.0 6.1 5.1 6.4 5.1 5.8 47 3.4 
Canada 51 79 55 42 57 69 42 59 43 60 3.3 4.5 3.8 3.6 4.2 5.3 3.4 4.8 3.3 2.1 
S. America & Mexico 64 128 80 74 90 87 108 91 91 116 4.2 7.3 5.5 63 67 67 8.7 7.4 7.0 4.1 
All other areas 84 171 101 89 116 100 62 67 66 81 5.5 9.7 7.0 7.6 8.6 7.7 5.0 5.4 5.1 29 
Mathematical scientists & computer specialists 
All regions/countries 497 1,805 975 732 999 1,176 1,515 1,613 1,722 3,402 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 | 
Western Europe 82 255 186 160 173 191 188 282 189 382 16.5 141 19.1 219 173 162 124 175 110 112 | 
Eastern Europe 34 146 47 35 36 35 60 141 150 151 6.8 8.1 48 48 3.6 3.0 4.0 8.7 8.7 4.4 
Near & Middle East 42 165 93 78 105 102 114 105 130 173 8.5 9.1 95 107 105 87 7.5 6.5 75 5.1 
Far East 266 902 473 310 495 623 846 757 919 2,266 53.5 500 485 423 495 5390 558 469 53.4 666 
Africa 15 83 46 40 41 37 69 65 70 109 3.0 46 4.7 55 4.1 3.1 46 4.0 4.1 3.2 
Canada 21 81 37 28 41 51 62 79 63 76 4.2 4.5 3.8 38 41 43 4.1 49 3.7 22 
S. America & Mexico 20 77 47 41 46 66 86 68 79 138 4.0 4.3 4.8 5.6 4.6 5.6 5.7 4.2 46 4.1 
All other areas 17 96 46 40 62 71 90 116 122 107 3.4 5.3 4.7 5.5 6.2 6.0 5.9 7.2 7.1 3.1 
(continued) 
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Appendix table 3-18. 

immigrant scientists and engineers, by region/country of birth and occupation: 1976 and 1982-92 

(page 2 of 2) 

Region/country 1976 1982 1983 1984 1985 1987 1989 1990 1991 1992 1976 1982 1983 1984 1985 1987 1989 1990 1991 1992 

Number Percentage of total 
Social scientists 

All regions/countries 612 747 337 316 506 508 449 528 599 1088 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Western Europe 122 148 69 51 82 95 71 72 51 96 199 198 205 161 162 187 158 136 8.5 8.8 
Eastern Europe 125 107 42 58 121 121 101 154 262 567 204 143 125 184 239 238 225 292 437 52.1 
Near & Middle East 38 80 27 30 51 39 38 46 30 29 6.2 10.7 8.0 95 10.1 7.7 8.5 8.7 5.0 2.7 
Far East 172 189 71 54 79 74 60 57 71 144 28.1 253 21.1 17.1 #156 146 134 108 119 13.2 
Africa 39 40 18 10 21 35 18 20 29 30 6.4 5.4 5.3 3.2 4.2 6.9 4.0 3.8 48 2.8 
Canada 38 34 10 14 23 27 19 29 13 23 6.2 46 3.0 4.4 4.5 5.3 4.2 5.5 2.2 2.1 
S. America & Mexico 31 68 41 62 73 69 72 74 71 102 5.1 91 122 196 144 136 160 140 119 9.4 
All other areas 47 81 59 37 56 48 70 76 72 97 7.7 108 17.5 11.7 11.1 94 156 144 12.0 8.9 

Engineers 

All regions/countries 5,146 7,880 7,803 7,281 8,133 8340 8666 9,287 10,492 15,585 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Western Europe 657 1,013 1,168 1,121 1,097 1,102 1,150 1,398 1,069 1,803 128 129 150 154 135 13.2 133 151 102 116 
Eastern Europe 702 869 480 546 535 432 739 1,041 1,900 1,728 13.6 11.0 6.2 7.5 6.6 5.2 85 112 181 11.1 
Near & Middle East 291 857 1,015 1,074 1,160 1,097 1,065 1,049 1,021 1,254 5.7 109 130 148 143 132 123 £113 9.7 8.0 
Far East 2,836 3,846 3,708 3,222 3,859 4,076 4,187 4,133 4,825 8,731 55.1 488 475 443 474 489 483 445 460 56.0 
Africa 201 352 372 328 368 415 360 394 391 464 3.9 4.5 48 4.5 4.5 5.0 4.2 4.2 3.7 3.0 
Canada 68 146 180 164 209 231 181 265 220 353 1.3 1.9 2.3 2.3 2.6 2.8 2.1 2.9 2.1 2.3 
S. America & Mexico 195 388 478 429 476 546 479 509 498 685 3.8 4.9 6.1 5.9 5.9 6.5 5.5 5.5 4.7 4.4 
All other areas 196 409 402 397 429 441 505 498 568 567 3.8 5.2 5.2 5.5 5.3 5.3 5.8 5.4 5.4 3.6 


NOTE: Data for 1986 and 1988 are unavailable. 


SOURCE: Science Resources Studies Division (SRS), National Science Foundation, /mmigrant Scientists, Engineers, and Technicians: 1991-92 (Washington, DC: NSF, forthcoming); and SRS, annual series. 


See figures 3-15 and 3-16. 
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Appendix table 3-19. 
Nonacademic scientists and engineers per 10,000 labor force for selected countries, by sex: Most current year 
West United United 
France Germany Japan Kingdom' Canada Sweden Italy States* 
(1992) (1987) (1990) (1990) (1986) (1985) (1981) (1992) 
a ee 22,329,942 26,907,517 61,733,800 24,266,828 11,702,215 4,285,109 20,246,000 117,598,000 
Nonacademic employment of scientists and engineers 
Total scientists andengineers.............. 582,947 671,338 2,345,000 796,283 312,160 223,876 124,290 3,502,000 
I Sie Ga id Uk ek aE i a id ae hw th ag 480,043 623,347 2,195,600 696,494 248,610 198,825 110,137 2,719,000 
a a ia ot a ial ki alkene iy tog 102,904 47,991 149,400 99,781 63,550 25,051 14,153 783,000 
a Rc in A al 286,375 126,858 654,500 342,334 177,840 63,431 63,402 1,749,000 
ak ia as ich Sata a a a i alles ale 205,335 101,000 551,700 264,877 122,175 45,216 50,093 1,114,000 
a a oi ak a ls ea gk er a ee 81,040 25,858 102,800 77,454 55,665 18,215 13,309 634,000 
is tio a er id ais ibe eke 296,572 544,480 16,905,000 453,949 134,320 160,445 60,888 1,753,000 
ER ee ee ee ee ee ee 274,708 522,347 1,643,900 431,617 126,435 153,609 60,044 1,605,000 
i. assed ae heh Cene.e so ohn cede 21,864 22,133 46,600 22,327 7,885 6,836 844 149,000 
Employment per 10,000 labor force 
Total scientists and engineers.............. 261 249 380 328 267 522 61 298 
ech Cee eee ke heed oe ead bee de 215 232 356 287 212 464 54 231 
PC citke epi ee ee bedhs eeiun ne eee ae 46 18 24 41 54 58 7 67 
CC Ee eee eee ee ee ee 128 47 106 141 152 148 31 149 
hh « <a¢-b Oe bid $6 obo 564.9054050000% 92 38 89 109 104 106 25 95 
a ee ee eee re 36 10 17 32 48 43 7 54 
CE eee ee ee ee ee eee ee 133 202 274 187 115 374 30 149 
DP stitciebeeeee tee uwhs saben s andes 123 194 266 178 108 358 30 136 
EF ee ee ee 10 8 8 9 7 16 , 13 


* = fewer than 1 per 10,000 


NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Because of rounding, details may not sum to totals. The numbers of scientists and engineers for France, West Germany, Japan, 


Canada, Sweden, Italy, and the United Kingdom are estimates prepared by the Bureau of the Census based on published and unpublished census and survey data for the years shown. Labor force data are from the 


Organisation for Economic Co-operation and Development, and thus the number of scientists and engineers per 10,000 labor force differs from data published in Census Bureau reports. 


‘Data exclude Northern Ireland. 
*Data by sex are estimates. 


SOURCES: Bureau of Labor Statistics, Occupational Employment Survey; Bureau of the Census; and Science Resources Division, National Science Foundation, unpublished tabulations. 
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Appendix tabie 3-20. 
Nonacademic scientists and engineers in selected countries, by sector of employment: Most current year 
West United United 
Canada France Germany Japan Sweden Kingdom States 
Sector (1986) (1992) (1985) (1990) (1985) (1990) (1992) 
Percent 
Scientists 
atin is ia 6 he 66 0450 ee eee 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Pi .cbeinseeawe aibeains 3.4 0.3 0.2 0.2 0.6 1.7 0.8 
ie oii a a ha cel 4.4 1.8 : 0.0 0.3 1.6 1.5 
PE csc eens heae eee ee 14.1 19.3 43.0 23.0 25.0 30.9 22.2 
i lia te ak 0 a wk 0.5 0.5 0.9 0.4 1.7 0.7 0.2 
Wholesale and retailtrade.......... 48 6.0 2.2 0.5 10.0 4.4 3.1 
Transportation, communications, 
and public utilities............... 7.6 2.5 2.9 0.5 5.3 6.8 4.0 
Business and professional services .. . 21.3 43.6 39.7 73.7 28.6 25.0 48.2 
EE eee NA NA 7.4 1.6 NA NA 19.6 
CE ae DRE aid ona Oe ood 44.1 25.9 3.7 0.0 28.5 28.9 _— 
Engineers 
Che ae eee beeen ae 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
CG «chet et nievesceun 02s 0.7 0.0 0.1 0.2 0.4 0.0 0.1 
PVP CRTT TTT ECT Eee ee 6.1 4.3 . 0.1 0.8 2.4 1.7 
| eee 30.8 43.2 43.9 30.6 47.8 48.6 48.4 
EE ees lena «ne oe ake 4.6 8.1 10.5 21.7 16.9 10.1 2.0 
Wholesale and retailtrade.......... 2.0 5.5 1.9 3.2 5.1 3.5 42 
Transportation, communications, 
and public utiliies............... 14.4 8.1 10.1 4.2 8.3 9.3 5.7 
Business and professional services .. . 28.1 15.8 21.0 37.0 12.2 18.8 22.8 
I 05544655 64000040408% NA NA 12.0 3.1 NA NA 14.3 
Ee ee 13.2 15.0 0.5 0.0 8.6 7.2 a 


— = less than 0.05 percent; NA = not available, but included in “all other” category. 
‘Data exclude Northern Ireland. 
2Mining data are included under transportation, communications, and public utilities. 


NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Because of rounding, details may not sum to 100 percent. Figures for 
France, West Germany, Japan, Canada, Sweden, and the United Kingdom are estimates prepared by the U.S. Bureau of the Census based on published and 
unpublished census and survey data for the year shown. 


SOURCES: Bureau of Labor Statistics, Occupational Employment Survey; Bureau of the Census; and Science Resources Division, National Science Foundation, 
unpublished tabulations. 
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Appendix table 3-21. 

Scientists and engineers in manufacturing for selected countries, by occupation group: Most current year 
West United United 
Canada France Germany Japan Sweden Kingdom’ States 
Occupation (1986) (1992) (1985) (1985) (1985) (1990) (1992) 

Percent 

Total scientists andengineers.... . . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
RES REE pace ge ae Oe 39.3 30.2 18.4 25.7 19.1 32.4 21.2 
ke lke ak ee a ee 11.3 8.8 10.9 44 5.4 10.0 9.3 
i a cee il a a at 24.4 20.0 : 21.2 8.4 22.4 11.9 
I a Oe eM a 3.6 1.4 7.4 0.1 5.3 0.0 0.0 
Cn ..0 a hs eee eee a’ os 60.7 69.8 81.6 74.3 80.9 67.6 78.8 
SERRE eee eee ae 4.1 2.2 25.9 32.1 2.2 0.8 0.7 
Electrical/electronic............. 15.0 26.9 13.0 15.4 20.2 16.8 25.3 
Industrial/mechanicalV/other ........ 41.6 40.8 42.8 26.8 58.5 50.0 52.8 


‘Data exclude Northern Ireland. 
°Systems analysts are included with natural scientists: computer engineers are included with electrical/electronic engineers. 


NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to totals because of rounding. Figures for France. 
West Germany, Japan, Canada, Sweden, and the United Kingdom are estimates prepared by the U.S. Bureau of the Census based on published and unpublished 
census and survey data for the years shown. 

SOURCES: Bureau of Labor Statistics. Occupational Employment Survey; Bureau of the Census; and Science Resources Division, National Science Foundation, 
unpublished tabulations. 
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Appendix table 3-22. 
Scientists and engineers engaged in R&D and per 10,000 labor force population, by country: 1985-90 
Engaged in R&D Per 10,000 labor force 
United West United United West United 
States Japan Germany France Kingdom Italy States Japan Germany France Kingdom Italy 
Thousands 

oe 494.2 117.6 61.0 42.8 49.9 NA 64.7 24.6 22.6 20.9 19.6 NA 
RP eee 521.1 128.9 60.0 60.0 NA NA 66.9 26.4 22.3 29.1 NA NA 
Ag ee 534.4 138.7 64.5 52.4 NA NA 67.2 27.8 24.4 25.2 NA NA 
ere 549.9 157.6 68.0 54.7 52.8 NA 67.9 31.1 25.9 26.2 20.8 NA 
eae 552.7 157.1 74.9 57.2 NA 25.4 66.6 30.8 28.2 27.1 NA 12.2 
Se 543.8 172.0 82.5 58.5 NA 27.6 64.1 33.4 30.8 27.3 NA 13.2 
Gs” tained bowie wen 523.5 194.3 90.2 60.1 NA 30.9 60.6 37.5 33.5 27.8 NA 14.8 
re ree 515.0 198.1 96.0 61.2 76.7 32.6 58.0 38.1 35.4 28.1 30.3 15.7 
See eee 514.6 226.6 101.0 62.7 NA 33.3 56.4 42.5 36.8 28.5 NA 15.9 
rere 520.6 238.2 102.5 64.1 NA 34.3 55.6 44.9 37.4 28.8 NA 16.3 
De +ieies (aes eee 527.4 255.2 103.7 65.3 80.5 37.9 55.3 47.9 38.2 29.2 31.1 17.8 
are 535.2 260.2 104.5 67.0 NA 37.9 54.7 48.4 38.7 29.6 NA 17.6 
rer eee 560.6 272.0 111.0 68.0 NA 39.7 55.7 49.9 41.1 29.7 NA 18.2 
ee ee 586.6 273.1 113.9 70.9 87.7 40.8 56.5 49.4 41.9 30.7 33.3 18.6 
re ere 614.5 281.9 116.9 72.9 NA 46.4 57.7 50.4 42.5 31.4 NA 20.8 
eee er 651.1 302.6 120.7 74.9 NA 47.0 60.0 53.6 43.2 32.1 NA 20.8 
re se 683.2 317.5 124.7 85.5 95.4 52.1 61.9 55.6 44.0 36.3 35.7 22.9 
err 711.8 329.7 NA 90.1 NA 56.7 63.6 57.1 NA 37.9 NA 24.9 
Ds ¢etsthoxvandes 751.6 342.2 130.8 92.7 94.0 63.0 66.4 58.1 45.7 39.1 35.3 27.3 
Serres Te 797.6 370.0 NA 98.2 NA 62.0 69.2 62.4 NA 41.1 NA 26.6 
Sree err eT 841.2 381.3 143.6 102.3 97.8 63.8 71.8 63.9 49.7 42.8 35.3 27.1 
Dis. \ tistehennns 882.3 405.6 NA 105.0 101.7 67.8 73.8 67.4 NA 43.7 36.6 28.4 
Serer rr 910.2 418.3 165.6 109.4 101.4 70.6 74.9 68.8 56.4 45.4 36.2 29.4 
Pe ..../asesenbes 927.3 441.9 NA 115.2 102.6 748 75.2 71.7 NA 47.6 36.3 30.9 
ae... :ieheee ae 949.3 461.6 176.4 120.7 NA 76.1 75.6 73.6 59.3 49.7 NA 31.4 
— err NA 482.3 NA NA NA NA NA 75.6 NA NA NA NA 


NA = no’ available 


NOTES. Data include all scientists and engineers engaged in R&D on a full-time basis with the following exceptions. Japanese data include persons primarily employed in R&D in the natural sciences and engineering, and the 
United Kingdom data include only government and industry sectors. The figures for Germany are for the former West Germany only; these data increased in 1979 because of increased coverage of small and medium sized 
enterprises not surveyed in 1977, and data starting with 1979 were revised in 1988 using improved methodologies. The figures for France increased in 1981 in part because of a re-evaluation of university research efforts. 
SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1992. Final Report, NSF 92-330 (Washington, DC: NSF. 1992): Organisation for Economic Co-operation 
and Development; and national sources. 
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Appendix table 4—1. 
GDP and GDP implicit price defiators: 1960-94 


GDP implicit price deflators GDP 
Calendar year Fiscal year Calendar year Fiscal year 


Billions of Jollars 


a 0.260 0.261 513.3 505.9 
a ee 0.263 0.263 531.8 516.9 
i ee 0.269 0 268 571.6 554.3 
ee 0.272 0.272 603.1 585.0 
ee 0.277 0.276 648.0 626.5 
Pre 0.284 0.283 702.7 671.4 
0 eee 0.294 0.291 769.8 738.6 
ae 0.303 0.301 814.3 791.3 
0 ee 0.318 0.312 889.3 849.8 
i ar eee 0.334 0.328 959.5 925.6 
a eee ee 0.352 0.346 1,010.7 985.6 
ere 0.371 0.363 1,097.2 1,051.6 
ee 0.388 0.382 1.207.0 1,145.8 
Saree 0.413 0.402 1,349.6 1,278.0 
Sere 0.449 0.433 1,458.6 1,403.3 
ae ee 0.492 0.476 1,585.9 1,511.0 
ES 0.523 0.512 1,768.4 1,685.1 
0 re 0.559 0.554 1,974.1 1,919.7 
ee ia 0.603 0.596 2,232.7 2,156.4 
ee rr 0.656 0.647 2,488.6 2,431.9 
nS 6e 64 ibasee 0.717 0.706 2,708.0 2,644.5 
0 ae ee 0.789 0.778 3,030 6 2,964.7 
ee 0.838 0.836 3,149.6 3,124.9 
SPP er 0.872 0.870 3,405.0 3,317.0 
Arcee 0.910 0.909 3,777.2 3,696.7 
APPT re 0.944 0.943 4,038.7 3,970.9 
re rerre 0.969 0.971 4,268.6 4,219.6 
 +oubeeetedes 1.000 1.000 4,539.9 4,453.3 
— SPT er TTS 1.039 1.036 4,900.4 4,810.0 
Sl 6-0 06:6 600% C60 1.085 1.082 5,250.8 5,170.1 
a arr 1.132 1.127 5,522.2 5,459.5 
0 err 1.178 1.168 5,677.5 5,626.6 
Se 1.209 1.201 5,943.1 5,869.6 
errr Te 1.238 1.230 6,254.2 6.172.3 
 ePrrrerrers 1.267 1.260 6,593.5 6,506.9 


NOTE: Data are as of March 9, 1993 


SOURCES: Bureau of Economic Analysis. Survey of Current Business (Washington, DC: Department of 
Commerce. monthly series): and Office of Management and Budget. unpublished tabulations 
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Appendix table 4-2. 
Purchasing power parities and market exchange rates, by selected country: 1970-91 
Purchasing power parities Market exchange rates 
Canada France Germany Italy Japan United Kingdom Germany Japan 
Units of foreign currency per U.S. dollar 

aaah carted a 1.11 4.23 2.87 401 241 0.273 3.65 358 
SRE ey 1.09 4.28 2.94 408 242 0.284 3.48 347 
1.10 4.39 2.96 415 245 0.294 3.19 303 
RRR 1.13 4.47 2.95 440 260 0.295 2.65 271 
esc pel tae 118 4.60 2.89 484 286 0.311 2.58 292 
Ree 1.18 4.73 2.79 513 280 0.360 2.45 297 
A 1.21 4.94 2.72 572 284 0.390 2.52 297 
Een 1.20 5.04 2.64 635 283 0.417 2.32 268 
ie a a ee 1.19 5.17 2.56 675 277 0.432 2.00 208 
cent hk de wee 1.20 5.23 2.45 715 261 0.454 1.83 218 
ee 1.22 5.35 2.35 786 250 0.497 1.81 226 
a 1.23 5.44 2.24 855 237 0.506 2.2u 221 
re 1.26 5.73 2.19 941 226 0.511 2.43 249 
1983 ....... oe 1.27 6.07 2.20 1,048 222 0.520 2.55 238 
ee ae 1.27 6.29 2.16 1,129 219 0.525 2.85 238 
A eee 1.27 6.48 2.15 1,196 217 0.548 2.94 239 
Tre 1.27 6.68 2.18 1,264 216 0.548 2.17 168 
Severe 1.29 6.69 2.16 1,300 210 0.559 1.80 145 
ets écens cake 1.31 6.69 2.12 1,342 204 0.576 1.76 128 
IE esee 1.32 6.66 2.09 1,371 200 0.593 1.88 138 
0 ee er 1.31 6.59 2.08 1,415 196 0.608 1.62 145 
errr 1.30 6.53 2.09 1,460 193 0.623 1.70 135 


NOTE: German data are for the former West Germany only. 


SOURCES: Organisation for Economic Co-operation and Development. Main Science and Technology Indicators database: and International Monetary Fund. 
international Statistics Yearbook (Washington. DC: IMF, 1992). 
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Appendix table 4-3. % 
U.S. R&D expenditures, by performing sector and source of funds: 1960-93 z 
(page 1 of 2) 3 
& 
[Performing Federal industry U&C Nonprofit m 
sector] Govt. Industry FFRDCs Universities and colleges FFRDCs Nonprofit institutions FFRDCs S 
[Source Total Federal Federal Federal Federal Nonfed. Non- Federal Federal Non- Federal $ 
of funds] US. Govt. Total Govt. industry Govt. Total | Govt. Industry Govt. U&C profits Govt. Total Govt Industry profits Govt. 3 
Millions of current dollars a 
ee 13,520 1,723 10,032 5604 4,428 477 646 405 40 £8 64 52 s-360 259 14302~C«‘Cté«CB 23 8 
~ "aR 14,320 1,878 10,353 5685 4,668 555 763 500 40 95 70 58 410 288 153 49 86 73 Ss 
1982 ........ 15,392 2,096 11,038 6,009 5,029 426 904 613 40 106 79 66 470 348 185 54 109 110 ; 
Eee 17,059 2,279 12216 6856 5,360 414 ~— 1,081 760 41 118 89 73 530 389-215 55 119 150 2 
ee 18,854 2838 13,049 7,257 5,792 463 1,275 917 40 132 103 83 629 420 253 55 112 180 Go 
ea 20,044 3,093 13,812 7.367 6,445 373. «1,474 +=: 1,073 41 143 124 93 629 433 247 62 124 230 
ee 21,846 3,220 15,193 7,977 7,216 355 1,715 1,261 42 156 148 198 630 533 325 70 138 200 
es ee 23,146 3,396 15.966 7,946 8,020 419 1,921 1,409 48 164 181 119 673 551 332 74 396145 220 
_ ae 24,605 3,494 17.014 8145 8,869 415 2149 1,572 55 172 218 132 719 584 352 81 151 230 
6 ee 25,629 3,501 17.844 7,987 9,857 464 2,225 1,600 60 197 223 145 725 630 376 93 161 240 
Saree 26,134 4079 17.594 7,306 10,288 473 2,335 1,647 61 219 243 165 737 666 399 9 172 250 
eee 26,676 4,228 17.829 7,175 10,654 491 2,500 1,724 70 255 274 # «#«©4177 716 702 436 420 98 184 210 
as 28,476 4,589 19,004 7469 11,535 548 2,630 1,795 74 269 305 # #187 753 732 433 101 198 220 
| ae 30,718 4,762 20,704 7,600 13,104 545 2,884 1,985 84 295 318 202 817 826 510 105 211 180 
Baal 32,863 4,911 22,239 7,572 14,667 648 3,022 2,032 9 308 368 £219 865 978 622 115 241 200 
Stee 35.213 5354 23,460 7.878 15,582 727 3409 2288 #113 332 «#4417 #8259 987 1056 655 125 276 220 
Re 39,018 5,769 26.107 8671 17,436 890 3,729 2512 123 364 446 285 1147 41146 695 135 316 230 
>a 42,783 6,012 28,863 9,523 19,340 962 4,067 2,726 139 374 514 314 1,384 ° 1,235 727 +150 «= 358 260 
48,128 6810 32,222 10,107 22,115 1,082 4625 3,059 170 414 623 359 1,717 1,352 780 165 407 320 
Ee 54.953 7,418 37,062 11,354 25,708 1,164 5380 3604 194 476 738 368 #1935 1624 980 180 464 370 
er 62.610 7,632 43,228 12,752 30476 1,277 6,077 4,104 236 496 837 403 2246 1,700 1,000 200 500 450 
Fae 71,869 8426 50.425 14997 35.428 1385 6847 4571 292 546 1,004 435 2486 1,750 1,000 225 525 550 
1982 ........ 80,018 9,141 57,166 17,061 40,105 1484 7,323 4,768 337 616 1,111 491 2479 1925 1,150 250 525 500 
a 89,143 10,582 63.683 19,095 44588 1585 7,881 4989 389 626 1302 576 2737 2075 1,250 275 550 600 
101,142 11,572 73,061 21,657 51,404 1,739 8620 5430 475 690 1411 614 3,150 2400 1500 325 6575 600 
rs 113,818 12,945 82,376 25,333 57.043 1863 9,686 6063 560 752 1617 694 3523 2,725 1,700 375 650 700 
1986 ........ 119,531 13,535 85,556 25,624 59,932 2,267 10928 6710 700 915 1868 734 3895 2800 1,700 425 £675 550 
Se sikebeus 125,353 13,413 89,804 28,401 61.403 2,351 12,154 7341 790 1,024 2168 831 4206 2925 1,700 450 775 500 
eee 133,742 14,281 95,351 29,579 65,772 2,538 13,466 8191 872 1,107 2355 941 4,531 3,075 1,700 500 875 500 
eer 140,771 15,121 99,222 28,660 70,562 2,632 15,016 8991 998 1234 2,712 1,080 4,730 3,550 2,000 550 1,000 500 
146,434 16,002 101,842 27,862 73,980 2,764 16344 9,636 1,134 1340 3,017 1,218 4832 4,000 2250 600 1,150 650 
ere 145,383 15,238 99,524 22586 76938 2,722 17,620 10,221 1,216 1,483 3369 1,333 5079 4500 2600 650 1,250 700 
Rea 154,500 16,600 105,100 26,100 79,000 2,700 19,050 10,800 1,350 1,650 3,750 1,500 5300 5,050 2,950 700 1,400 700 
Fee 160,750 16,600 109,600 28300 81,300 2,700 20,550 11,400 1,500 1,850 4150 1,650 5300 5,300 3,000 750 1,550 700 


Appendix table 4—3. 


U.S. R&D expenditures, by performing sector and source of funds: 1960-93 


(page 2 of 2) 

[Performing Federal Industry U&C Nonprofit 
sector] Govt. Industry FFRDCs Universities and colleges FFRDCs Nonprofit institutions FFRDCs 
[Source Total Federal Federal Federal Federal Nonfed. Non- __ Federal Federal Non- Federal 
of funds] U.S. Govt. Total Govt. Industry Govt. _ Total Govt. Industry Govt. U&C_ profits Govt. Total Govt. Industry profits Govt. 

Millions of constant 1987 dollars 

ee 51,960 6,602 38,585 21,554 17,031 1,835 2,475 1,552 153 326 245 199 1,379 996 550 185 262 88 
a 54.449 7,141 39,365 21616 17,749 2,110 2,901 1,901 152 361 266 221 1,559 1,095 582 186 327 278 
ee 57,267 7,821 41,033 22338 18,695 1,584 3,373 2,287 149 396 295 246 1,754 1,294 688 201 405 409 
are 62,717 8,379 44,912 25,206 19,706 1,522 3,974 2,794 151 434 327 268 1,949 1,430 790 202 438 551 
er 68,127 10,283 47,108 26,199 20,910 1,671 4,620 3,322 145 478 373 301 2,279 1,516 913 199 404 650 
eer 70,642 10,929 48,634 25940 22,694 1,313 5,208 3,792 145 505 438 329 = 2,223 1,525 870 218 437 810 
ae 74,501 11,065 51,677 27,133 24,544 1,207 5,893 4,333 144 536 509 371 2,165 1,813 1,105 238 469 680 
ae 76,521 11,282 52,693 26,224 26,469 1,383 6,382 4,681 159 545 601 395 2,236 1.818 1,096 244 479 726 
were 77,759 11,199 53,503 25613 27,890 1,305 6,888 5,038 176 551 699 423 2,304 1,836 1,107 255 475 723 
aa 77,087 10,674 53,425 23,913 29,512 1,389 6,784 4,878 183 601 680 442 2,210 1,886 1,126 278 482 719 
ee 74,597 11,789 49,983 20,756 29,227 1,344 6,749 4,760 176 633 702 477 ~—_ 2,130 1,892 1,134 270 489 710 
72,345 11,647 48,057 19,340 28,717 1,323 6,887 4,749 193 702 755 488 1,972 1,892 1,132 264 496 566 
#7. 73,714 12,013 48,979 19,250 29,729 1,412 6,885 4,699 194 704 798 490 1,971 1,887 1,116 260 510 567 
Fae 74,938 11,846 50,131 18402 31,729 1,320 7,174 4,938 209 734 791 502 2,032 2,000 1,235 254 511 436 
lee 73,916 11,342 49530 16864 32,666 1,443 6,979 4,693 219 711 850 506 1,998 2,178 1,385 256 537 445 
a 72,237 11,248 47,683 16,012 31,671 1,478 7,162 4,807 237 697 876 544 32,074 2,146 1,331 254 561 447 
ery 75,041 11,268 49,918 16579 33,338 1,702 7,283 4,906 240 711 871 557 = 2,240 2,191 1,329 258 604 440 
a ee 76,720 10,852 51,633 17,036 34,597 1,721 7,341 4,921 251 675 928 567 2,498 2,209 1,301 268 640 465 
80,070 11,426 53,436 16,761 36,675 1,794 7,760 5,133 285 695 1,045 602 2,881 2,242 1,294 274 675 531 
a ae 84,082 11,465 56,497 17,308 39,189 1,774 8,315 5,570 300 736 1,141 569 2,991 2.476 1,494 274 707 564 
ae 87,669 10,810 60,290 17,785 42,505 1,781 8,608 5,813 334 703 1,186 571 3,181 2,371 1,395 279 697 628 
Pn «460200 91.407 10,830 63,910 19,008 44,902 1,755 8,801 5,875 375 702 1,290 559 3,195 2.218 1,267 285 665 697 
ee 95,541 10,934 68,217 20,359 47,858 1,771 8,760 5,703 403 737 1,329 587 2,965 2.297 1,372 298 626 597 
0 ee 102,284 12,163 73,031 21,898 51,133 1,818 9,059 5,734 447 720 1,497 662 3,146 2,380 1,433 315 631 688 
Ferre 111,173 12,730 80,287 23,799 56,488 1,911 9,483 5,974 523 759 1,552 675 3,465 2,637 1,648 357 632 659 
Fees 120,599 13,727 87,263 26,836 60,427 1.974 10,271 6,429 594 797 1,715 736 §=.: 3, 736 2,887 1,801 397 689 742 
er 123,295 13,939 88,293 26,444 61,849 2,340 11,254 6,910 721 942 1,924 756 4,011 2,890 1,754 439 697 568 
ae 125,353 13,413 89,804 28401 61,403 2,351 12,154 7,341 790 1,024 2,168 831 4,206 2,925 1,700 450 775 500 
ae 128,812 13,785 91,772 28,469 63,303 2,443 12,998 7,906 842 1,069 2,273 908 4,374 2,960 1,636 481 842 481 
Pee 129,832 13,975 91,449 26415 65034 2426 13,878 8,310 922 1,140 2,506 998 4,372 3,272 1,843 507 922 461 
ear 129,504 14,199 89,966 24613 65,353 2,442 14502 8550 1,006 1,189 2,677 1,081 4,287 3,534 1,988 530 1,016 574 
a ae 123,691 13,046 84486 19173 65312 2311 15,086 8,751 1,041 1,270 2,884 1,141 4,348 3,820 2,207 552 ~=«-1,061 594 
Fer 128,017 13,822 86931 21,588 65343 2,233 15862 8993 1,124 1,374 3,122 1,249 4,413 4,177 2,440 579 =: 1,158 579 
Ferrers 130,070 13,496 88,530 22859 65670 2,181 16,707 9,268 1,220 1,504 3,374 1,341 4,309 4,281 2,423 606 1,252 565 


FFRDC = federally funded research and development center; U&C = universities and colleges 


NOTES: Data are preliminary for 1992 and estimated for 1993. Historical series are based on annual surveys of R&D performers except for the nonprofit sector, for which data generally are estimated. Total funds used by the 


Federal government are from federal sources. /ndustry federally funded research and development centers (FFRDCs) are assumed to be 100-percent federally funded. Industry FFRDC data for 1960-63 are federal 


obligations as reported by funding agencies; data for 1964-93 are expenditures as reported by industry FFRDC performers. University and colleoc (U&C) FFRDCs are administered by individual universities and by university 


consortia. In 1991, U&C FFRDCs were 99-percent federally funded. Nonprofit FFRDCs are assumed to be 100-percent federally funded; these data are federal obligations as reported by funding agencies and were rounded 
to two significant digits for 1960-79, and the nearest $50 million for 1964-93. See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1992, NSF 92-330 (Washington, DC: NSF, 1992); and unpublished tabulations. 
See figure 4-21 and text table 4—1 
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Appendix table 4-4. 
National expenditures for total R&D, by source of funds and performer: 1970-93 
Source of funds Performer 
Federal Universities Other Federal Universities U&C Other 


Total Government industry &colleges' nonprofits Government industry &colleges FFRDCs* nonprofits 


Millions of current dollars 


RE 26,134 14,891 10,444 462 337 4,079 18,067 2,335 737 916 
a 26,676 14,964 10,822 529 361 4,228 18,320 2,500 716 912 
Seem. .....-. 28.476 15,807 11,710 574 385 4,589 19,552 2,630 753 952 
a 30,718 16,399 13,293 613 413 4,762 21,249 2,884 817 1,006 
ee he et 32,863 16,850 14,877 676 460 4,911 22,887 3,022 865 1,178 
Same. ....-- 35,213 18,109 15,820 749 535 5,354 24,187 3,409 987 1,276 
en ae 39,018 19,914 17,694 809 601 5,769 26,997 3,729 1,147 1,376 
ES 42,783 21,594 19,629 888 672 6,012 29,825 4,067 1,384 1,495 
ar 48,128 23,875 22.450 1,037 766 6,810 33,304 4,625 1,717 1,672 
Ea 54,953 26,825 26,082 1,214 832 7,418 38,226 5,380 1,935 1,994 
ae 62,610 29,461 30,912 1,334 903 7,632 44,505 6,077 2,246 2,150 
RS: 71,869 33,415 35,945 1,549 960 8,426 51,810 6,847 2,486 2,300 
ae 80.018 36,583 40,692 1,727 1,016 9,141 58.650 7,323 2,479 2,425 
ee 89,143 40,838 45,252 1,927 1,126 10,582 65,268 7,881 2,737 2.675 
Sa 101,142 45,648 52,204 2,101 1,189 11,572 74,800 8,620 3,150 3,000 
ae 113,818 52,127 57,978 2,369 1,344 12,945 84,239 9,686 3,523 3,425 
- ar 119,531 54,281 61,057 2,784 1,409 13,535 87,823 10,928 3,895 3,350 
PS 125,353 57,912 62,643 3,192 1,606 13,413 92,155 12,154 4,206 3,425 
arr 133,742 61,320 67,144 3,462 1,816 14,281 97,889 13,466 4,531 3,575 
ee 140,771 62,634 72,110 3,947 2,080 15,121 101,854 15,016 4,730 4,050 
re 146,434 63,996 75,714 4,356 2,368 16,002 104,606 16,344 4,832 4,650 
Pre 145,383 59,146 78,804 4,850 2,583 15,238 102,246 17,620 5,079 5.200 
154,500 65.150 81,050 5,400 2,900 16,600 107,800 19,050 5,300 5,750 
ee 160,750 68,000 83,550 6,000 3,200 16,600 112,300 20,550 5,300 6,000 
Millions of constant 1987 dollars? 
) Sa 74,597 42,622 29,673 1,335 966 11,789 51,327 6,749 2,130 2,602 
ee 72,345 40,730 29,174 1,457 984 11,647 49,380 6,887 1,972 2,458 
Serr 73,714 41,029 30,183 = 1,503 1,000 12,013 50,392 6,885 1,971 2,454 
ae 74,938 40,208 32,192 1,525 1,013 11,846 51,450 7,174 2,032 2,436 
er 73,916 38,170 33,141 1,561 1,043 11,342 50,973 6,979 1,998 2,624 
peer 72,237 37,396 32,162 1,574 1,105 11,248 49,161 7,162 2,074 2,593 
ee 75,041 38,464 33,837 1,580 1,161 11,268 51,620 7,283 2,240 2,631 
i Fee 76,720 38,793 35,117 1,603 1,207 10,852 53,354 7,341 2,498 2,674 
. a 80,070 39,819 37,234 1,740 1,277 11,426 55,231 7,760 2,881 2,773 
Rt 664048 84,082 41,167 39,763 1,876 1,276 11,465 58,271 8.315 2,991 3,040 
87,669 41,393 43,118 1,890 1,268 10,810 62,071 8,608 3,181 2,999 
ere 91,407 42,629 45,563 1,991 1,225 10,830 65,665 8,801 3,195 2,915 
a FF 95,541 43,702 48,559 2,066 1,214 10,934 69,988 8,760 2,965 2,894 
eee 102,284 46,881 51,896 2.215 1,293 12,163 74,849 9,059 3,146 3,068 
ee 111,173 50,187 57.368 2,311 1,307 12,730 82,198 9,483 3,465 3,297 
120,599 55,245 61,418 2,512 1,425 13,727 89,236 10,271 3,736 3,628 
Pee 123,295 55,966 63,009 2,867 1,453 13,939 90,633 11,254 4,011 3,457 
Fe 125,353 57,912 62,643 3,192 1,606 13,413 92,155 12,154 4,206 3,425 
i 128,812 59,094 64,626 3,342 1,750 13,785 94,215 12,998 4,374 3,441 
ree 129,832 57,801 66,463 3,648 1,920 13,975 93,875 13,878 4,372 3,733 
rer 129,504 56,653 66,890 3,865 2,097 14,199 92.408 14,502 4,287 4,108 
re 123,691 50,431 66,905 4,152 2,202 13,046 86,796 15.086 4,348 4.414 
i 128,017 54,068 67,046 4,496 2,407 13,822 89.165 15,862 4.413 4,756 
le 130,070 55,102 67,496 4.878 2,593 13,496 90,711 16,707 4,309 4.847 


FFRDC = federally funded research and development center; U&C = universities and colleges 


NOTES: Data are preliminary for 1992 and estimated for 1993. Data are based on annual reports by performers except for the nonprofit sector. for which data 
generally are estimated. Expenditures for FFRDCs administered by industry and nonprofit institutions are included in the totals of the respective secto. . 


‘Includes state and local government funds to the university and college sector. 
?U&C FFRDCs are administered by individual universities and colleges and by university consortia. 
3See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1992, NSF 92-330 (Washington, DC: NSF. 
1992): and unpublished tabulations. 
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Appendix table 4—5. 
National expenditures for basic research, by source of funds and performer: 1970-93 
Source of funds Performer 
Federal Universities Other Federal Universities U&C Other 
Total Government Industry’ &colleges? nonprofits Government Industry &colleges FFRDCs*® nonprofits 
ee — - Millions of current dollars aioe eeeeasemmmninematti at 
a 3,531 2,471 528 350 182 559 602 1,796 269 305 
1971 3,652 2,509 547 400 196 566 590 1,914 260 322 
re 3,801 2,605 563 415 218 597 593 2,022 244 345 
RG 3,945 2,708 605 408 224 608 631 2,053 296 357 
in ag 4,343 3,017 650 431 245 696 699 2,153 390 405 
ae 4,738 3,270 705 477 286 734 730 2,410 439 425 
8....... 5,130 3,589 769 475 297 786 819 2,549 512 464 
PS 5,735 4,021 850 527 337 914 911 2,800 600 510 
a ie wig 6,649 4,702 964 605 378 1,029 1,035 3,133 867 585 
ar 7,570 5,350 1,092 716 412 1,089 1,158 3,628 1,015 680 
a a 8,433 5,909 1,271 797 456 1,182 1,325 4,042 1,124 760 
aa 9,595 6,619 1,589 907 480 1,302 1,614 4,593 1,261 825 
10,429 7,099 1,833 998 499 1,465 1,904 4,878 1,317 865 
i. seuss 11,633 7,771 2,121 1,171 570 1,690 2,223 5,303 1,472 945 
1984....... 12,906 8,491 2,565 1,254 596 1,861 2,608 5,732 1,675 1,030 
1006....... 14,192 9,176 2,885 1,447 684 1,923 2,862 6,553 1,749 1,105 
1986....... 16,585 9,993 4,132 1,733 727 2,019 4,047 7,490 1,859 1,170 
17,993 10,870 4,289 2,003 831 2,046 4,323 8,392 2,012 1,220 
1988....... 18,775 11,604 4,134 2,113 924 2,050 4,280 8,893 2,222 1,330 
1989....... 20,648 12,967 4,269 2,365 1,047 2,371 4,646 9,801 2,330 1,500 
1990....... 22,099 13,705 4,586 2,616 1,192 2,366 4,909 10,681 2,403 1,740 
1991....... 22,829 14,351 4,257 2,919 1,302 2,446 4,373 11,538 2,572 1,900 
ae 24,380 15,350 4,410 3,180 1,440 2,700 4,500 12,400 2,700 2,080 
1993....... 26,220 16,450 4,640 3,540 1,590 2,900 4,700 13,500 2,850 2,270 
nena ———— i on Gs eae —______——_—— 

er 10,161 7,125 1,502 1,012 522 1,616 1,710 5,191 777 866 
a. ¢<sx4 10,006 6,892 1,477 1,102 535 1,559 1,590 5,273 716 868 
eer 9,912 6,805 1,453 1,086 567 1,563 1,528 5,293 639 889 
ar 9,748 6,713 1,469 1,015 551 1,512 1,528 5,107 736 864 
xe 9,939 6,934 1,453 995 557 1,607 1,557 4,972 901 902 
eee 9,875 6,842 1,438 1,002 593 1,542 1,484 5,063 922 864 
A ee 9,967 6,991 1,473 928 575 1,535 1,566 4,979 1,000 887 
0 ae 10,329 7,250 1,522 951 606 1,650 1,630 5,054 1,083 912 
Pree 11,124 7,878 1,601 1,015 631 1,727 1,716 5,257 1,455 S70 
ae 11,661 8,255 1,667 1,107 633 1,683 1,765 5,607 1,569 1,037 
err 11,899 8,354 1,776 1,129 641 1,674 1,848 5,725 1,592 1,060 
nk ivewes 12,289 8,493 2,017 1,166 613 1,674 2,046 5,904 1,621 1,046 
i. +040 12,467 8,489 2,188 1,194 596 1,752 2,272 5,835 1,575 1,032 
a 13,363 8,929 2,433 1,346 655 1,943 2,549 6,095 1,692 1,084 
ar 14,194 9,340 2,819 1,380 655 2,047 2,866 6,306 1,843 1,132 
sare 15,045 9,729 3,057 1,534 725 2,039 3,032 6,949 1,855 1,171 
er 17,091 10,294 4,263 1,785 749 2,079 4,176 7,714 1,915 1,207 
er 17,993 10,870 4,289 2,003 831 2,046 4,323 8,392 2,012 1,220 
eee 18,107 11,196 3,980 2,040 891 1,979 4,119 8,584 2,145 1,280 
a 19,067 11,979 3,936 2,186 967 2,191 4,282 9,058 2,153 1,382 
rrr 19,583 12,152 4,054 2,321 1,056 2,099 4,337 9,477 2,132 1,537 
ere 19,500 12,270 3,619 2,499 1,111 2,094 3,712 9,878 2,202 1,613 
err 20,263 12,768 3,652 2,648 1,196 2,248 3,722 10,325 2,248 1,720 
re 21,280 13,360 3,753 2,878 1,289 2,358 3,796 10,976 2,317 1,834 


FFRDC = federally funded research and development center; U&C = universities and colleges 


NOTES: Data are preliminary for 1992 and estimated for 1993. Data are based on annual reports by performers except for the nonprofit sector, for which data 
generally are estimated. Expenditures for FFRDCs administered by industry and nonprofit institutions are included in the totals of the respective sector. 


‘The imputation procedure for industry funding of its basic research changed for 1986 and after. These data may not be comparable to data for 1985 and earlier. 


2includes state and local government funds to the university and college sector. 


3U&C FFRDCs are administered by individual universities and colleges and by university consortia. 
“See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division, National Science Foundation, National Patterns of R&D Resources: 1992, NSF 92-330 (Washington, DC: NSF, 
1992); and unpublished tabulations. 


See figures 4—2 and 4-3. 
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Appendix table 4-6. 
National expenditures for applied research, by source of funds and performer: 1970-93 
Source of funds Performer 
Federal Universities Other Federal Universities U&C Other 


Total Government Industry’ &colleges* nonprofits Government Industry &colleges FFRDCs’ nonprofits 


Millions of current dollars 


eae 5.738 3,097 2,427 99 115 1.345 3,427 427 216 323 
ar 5.759 3,028 2,494 115 122 1,322 3.415 474 210 338 
SEs 6.011 3,131 2,615 140 125 1,387 3,514 524 221 365 
RR 6.598 3,395 2.891 172 140 1.480 3,825 713 227 353 
see 7.189 3,495 3,332 203 159 1,574 4,288 736 178 413 
SE 7,802 3.878 3,517 225 182 1.730 4,570 851 203 448 
SPS 8.954 4,442 4,003 282 227 2,093 5.112 1.016 235 498 
RE 9.570 4.611 4.410 303 246 2.044 5.636 1,067 290 533 
ARES 10,584 4.969 4.981 354 280 2,191 6,300 1,184 319 590 
wre....... 11.982 5.478 5,796 413 295 2,392 7,225 1,313 342 710 
rn 13,619 6,168 6.693 444 314 2.484 8.450 1,536 424 725 
16,366 6,957 8,535 534 340 2.732 10.699 1,731 424 780 
ee 18.155 7,618 9,566 608 363 2.729 12,323 1,858 430 815 
ae 20.266 8,752 10,507 621 386 3,020 13,927 1.988 456 875 
ee 22,383 9.458 11,810 700 415 2.903 15.765 2.254 541 920 
ine 25.334 10.910 13,217 756 451 3.133 18,255 2,420 591 935 
ae 27.075 10.316 15,437 856 466 3,141 19.760 2.629 565 980 
Weer ....... 27.685 10.645 15,542 966 532 3,392 19.813 2,912 538 1.030 
1988....... 29.076 10,642 16,706 1,107 621 3.288 20,595 3,519 534 1,140 
rrr 31,984 12,018 17,943 1.306 717 3.611 22,388 4,080 605 1,300 
33.667 12,524 18,897 1.435 811 3.587 23,628 4.363 629 1.460 
1991...... 35.350 13.086 19.785 1,591 888 4.093 24,084 4.570 933 1.670 
eae 37.610 14,250 20,510 1.840 1.010 4.450 25.400 4.920 1,000 1,840 
ae 39.680 15.450 21.070 2,040 1,120 4.900 26,500 5.360 1,000 1,920 
Millions of constant 1987 dollars* 
ae 16.399 8.888 6,896 286 329 3,887 9.736 1,234 624 918 
are 15.642 8,270 6,724 317 332 3,642 9,205 1,306 579 911 
J 15,579 8.148 6.740 366 324 3,631 9.057 1,372 579 941 
Pe 16,136 8.364 7,002 428 343 3.682 9,262 1,774 565 855 
Fe 16.216 7,964 7,423 469 360 3,635 9,550 1,700 411 920 
ae 16,048 8.049 7,151 473 375 3,634 9.289 1.788 426 911 
Ga 17,258 8,613 7.656 551 438 4,088 9,774 1,984 459 952 
ser 17.175 8,296 7,890 547 442 3,690 10,082 1,926 523 953 
re 17.624 8,302 8,261 594 467 3,676 10,448 1,987 535 978 
, ee 18,351 8,424 8,837 638 452 3,697 11,014 2,029 529 1,082 
a 19,091 8.685 9,336 629 441 3,518 11,785 2.176 601 1,011 
eee 20.830 8,891 10,819 686 434 3,512 13,560 2,225 545 989 
1982....... 21.679 9,102 11,416 727 434 3,264 14,705 2.222 514 973 
1983....... 23,255 10,049 12,050 714 443 3,471 15,971 2.285 524 1,003 
ae 24,604 10,399 12,978 770 456 3,194 17,324 2,480 595 1,011 
ee 26,844 11,563 14,001 802 478 3,322 19,338 2,566 627 990 
See 27,928 10,635 15,930 882 480 3,235 20,392 2,708 582 1,011 
a 27.685 10.645 15,542 966 532 3,392 19,813 2.912 538 1,030 
Fae 28.005 10,258 16,080 1,069 599 3,174 19,822 3.397 515 1,097 
ee 29,500 11,093 16,538 1,207 662 3,337 20,634 3,771 559 1,198 
ae 29.775 11,089 16.695 1,273 718 3,183 20,873 3.871 558 1,290 
ae 30.078 11.161 16,798 1,362 757 3,504 20.445 3.913 799 1.418 
ree 31,165 11,828 16,967 1,532 838 3,705 21,009 4.097 833 1,522 
1993....... 32,111 12,523 17,022 1.659 908 3,984 1.405 4,358 813 1,551 


FFRDC = federally funded research and development center: U&C = universities and colleges 


NOTES: Data are preliminary for 1992 and estimated for 1993. Data are based on annual reports by performers except for the nonprofit sector, for which data are 
estimated. Since 1978. the applied research/development split for the academic sector has been estimated. Expenditures for FFRDCs administered by industry and 
nonprofit institutions are included in the totals of the respective sector 


‘The imputation procedure for industry funding of its applied research changed for 1986 and after. These data may not be comparable to data for 1985 and earlier. 
“Includes state and local government funds to the university and college sector 

‘U&C FFRDCs are administered by individual universities and colleges and by university consortia 

“See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars 


SOURCES: Science Resources Studies Division. National Science Foundation. National Patterns of R&D Resources: 1992. NSF 92-330 (Washington. DC: NSF, 
1992): and unpublished tabulations. 


See figures 4-2 and 4-3. Science & Engineering indicators — 1993 
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Appendix table 4—7. 
National expenditures for development, by source of funds and performer: 1970-93 


Source of funds Performer 


Federal Universities Other Federal Universities U&C Other 
Total Government Industry’ &colleges® nonprofits Government Industry &colleges FFRDCs’ nonprofits 


Millions of current dollars 


a 16,865 9,323 7,489 13 40 2.175 14.038 112 252 288 
a 17,265 9,427 7,781 14 43 2.340 14.315 112 246 252 
Wee. ....-. 18.664 10.071 8.532 19 42 2,605 15,445 84 288 242 
Suee.....:. 20,175 10,296 9,797 33 49 2,674 16.793 118 294 296 
Se 21,331 10,338 10.895 42 56 2,641 17,900 133 297 360 
ee 22.673 10,961 11,598 47 67 2.890 18,887 148 345 403 
1976....... 24,934 11,883 12,922 52 77 2,890 21,066 164 400 414 
a 27.478 12,962 14,369 58 89 3,054 23,278 200 494 452 
ee 30.895 14,204 16,505 78 108 3,590 25,969 308 531 497 
AS 35.401 15,997 19,194 85 125 3,937 29,843 439 578 604 
Peer 40,558 17,384 22,948 93 133 3,966 34,730 499 698 665 
eee 45.908 19,839 25.821 108 140 4,392 39,497 523 801 695 
ee 51.434 21.866 29,293 121 154 4,947 44,423 587 732 745 
Ee 57.244 24,315 32,624 135 170 5,872 49.118 590 809 855 
ee 65.853 27,699 37,829 147 178 6,808 56,427 634 934 1,050 
ee 74.292 32.041 41.876 166 209 7,889 63,122 713 1,183 1,385 | 
ae 75,871 33.972 41,488 195 216 8,375 64,016 809 1,471 1,200 | 
re 79,675 36,397 42.812 223 243 7,975 68,019 850 1,656 1,175 | 
85.891 39,074 46,304 242 271 8,943 73,014 1,054 1,775 1,105 | 
a ee 88.139 37,649 49 898 276 316 9,139 74,820 1,135 1,795 1,250 

| 
1990....... 90.668 37,767 52,231 305 365 10,049 76,069 1,300 1,800 1,450 
1991....... 87,204 31,709 54.762 340 393 8,699 73,789 1,512 1,574 1,630 
eee 92.510 35,550 56.130 380 450 9,450 77,900 1,730 1,600 1,830 
94,850 36,100 57,840 420 490 8,800 81,100 1,690 1,450 1,810 

Millions of constant 1987 dollars* 

srr 48.037 26.609 21,276 38 114 6,286 39,881 324 728 818 | 
46,697 25,568 20,973 39 116 6,446 38,585 309 678 679 
ar 48 224 26,076 21,990 50 109 6,819 39,807 220 754 624 
ee 49 054 25,131 23,722 82 119 6,652 40,661 294 731 717 
eee 47.761 23,272 24 266 97 126 6,099 39,866 307 686 802 
a ee 46.314 22,505 23.574 99 137 6,071 38,388 311 725 819 
Pre 47,817 22,860 24,708 102 148 5,645 40,279 320 781 792 
Sar 49.216 23,247 25,705 105 159 5,513 41,642 361 892 809 
re 51,322 23,640 27,372 131 180 6,023 43,066 517 891 824 
A dat 54.070 24,488 29.259 131 191 6,085 45,492 679 893 921 
1980....... 56,678 24,355 32.006 132 186 5,618 48,438 707 989 927 
eee 58.287 25,244 32,727 139 178 5,645 50,060 672 1,030 881 
ae 61,395 26.110 34,956 145 184 5,917 53,011 702 876 889 
ae 65.666 27,903 37,413 155 195 6,749 56.328 678 930 981 
are 72,376 30,448 41,570 162 196 7,490 62.008 697 1,028 1,154 
GL Sse 78,710 33,952 44 360 176 221 8,366 66,867 756 1,255 1,467 
rr 78,276 35,037 42.815 201 223 8.625 66,064 833 1,515 1,238 
i ee 79.675 36,397 42.812 223 243 7,975 68.019 850 1,656 1,175 
ee 82,700 37,639 44 566 234 261 8.632 70,273 1.017 1,713 1,064 
an 81,265 34,729 45.989 255 291 8.446 68,959 1,049 1,659 1,152 
4k 6 aks 80,147 33,413 46,141 271 323 8.917 67.199 1,154 1,597 1,281 
74.113 27,000 46.488 291 334 7,448 62,639 1,295 1,348 1,384 
Pe 76,588 29,472 46.427 316 373 7.868 64,433 1,440 1,332 1,514 
Pee 76.678 29,219 46.721 341 396 7,154 65,509 1,374 1,179 1,462 


FFRDC = federally funded research and development center: U&C = universities and colleges 


NOTES: Data are preliminary for 1992 and estimated for 1993. Data are based on annual reports by performers except for the nonprofit sector. for which data are 
estimated. Since 1978. the applied research/development split for the academic sector has been estimated. Expenditures for FFRDCs administered by industry and 
nonprofit institutions are included in the totals of the respective sector. 


‘The imputation procedure for industry funding of its development changed for 1986 and after. These data may not be comparable to data for 1985 and earlier 
“Includes state and local government funds to the university and college sector 

*U&C FFRDCs are administered by individual universities and colleges and by university consortia 

“See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars 


SOURCES: Science Resources Studies Division, National Science Foundation. National Patterns of R&D Resources: 1992. NSF 92-330 (Washington. DC: NSF. 
1992). and unpublished tabulations. 
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Appendix table 4-8. % 

Geographic distribution of U.S. R&D expenditures, by performer and source of funds: 1991 g 

(page 1 of 2) ey 

Qo 

& coll 3 

— Industry Universities & colleges Vac — Q 

Govt. Sources Sources FFRDCs profits ® 

United Total Total Federal Total Federal Nonfed. All Total Total & 

Geographic area States used' used Govt. Industry* used* Govt. govt. Industry U&C other used* used° = 

Millions of dollars o 

de lg ae $145,385 $15,238 $102,246 $25,308 $76,938 17,622 $10,221 $1,483 $1,216 $3,369 $1,333 $5.079 5,200 S 

I 

New England .......... 11,625 658 8.408 2,013 6.395 1,507 1.029 34 124 180 140 389 664 . 

Connecticut........... 1,913 47 1,535 504 1,031 317 197 € 16 70 28 0 15 & 
i enne eas NA 14 0-284 0-18 0-266 27 10 2 5 10 1 0 16 
Massachusetts ........ 8,561 278 6.335 1,480 4.855 949 679 13 91 66 100 389 610 
New Hampshire........ NA 88 102-120 0-18 102 79 53 4 4 10 8 0 0 
Rhode Isiand.......... 485 226 152 11 141 88 60 5 4 18 2 0 18 
Aa te cen aeee NA 5 0-284 0-18 0-266 47 31 3 4 6 2 0 5 
Middle Atlantic......... 26,752 1,002 22,340 4,473 17,867 2,689 1,634 147 205 438 265 402 320 
New Jersey........... 8.768 513 7,810 855 6,955 342 148 43 19 107 25 91 12 
EE i cee a aecaen 10,363 174 8,268 1,558 6.710 1.467 934 77 85 191 180 284 170 
Pennsylvania.......... 7,621 315 6,262 2.060 4.202 879 553 27 100 140 60 27 138 
South Atlantic.......... 19.384 7,001 8,593 2,520 6,073 3,205 1,907 310 241 603 145 51 535 
CR tein ecken cas NA 9 863-995 D D 45 20 4 5 13 3 0 3 
eee 1,737 1,433 40 16 24 118 87 0 7 13 11 0 145 
Se 3,700 658 2,599 934 1,665 438 221 37 36 116 29 0 5 
ee 1,479 121 868 89 779 484 238 43 40 150 13 0 6 
Maryland.......... a 5,864 3,432 1,203 666 537 1,078 785 82 40 140 32 0 151 
North Carolina......... 1,965 151 1,285 4 1,281 502 304 72 55 52 19 0 27 
South Carolina......... 595 14 419 D D 151 54 17 16 54 10 0 10 
NL kn oa 6% 63-4 08 2,771 1,107 1,115 679 436 338 179 53 31 52 23 29 182 
West Virginia.......... NA 76 69-201 D 69 51 20 2 11 13 4 22 5 
Southeast............. 3,257 1,044 1.453 637 816 680 360 86 52 137 45 10 70 
ee 1,503 701 521 221 300 245 125 26 20 52 21 0 36 
ee 317 62 154 D D 98 38 6 11 38 5 0 2 
Mississippi ........... 299 157 41 D D 97 49 21 g 12 6 0 4 
Tennessee ........... 1,139 124 737 D D 240 147 33 12 35 13 10 28 
Southwest ............ 7,894 525 5,425 1,418 4,007 1,663 712 229 111 419 192 2 280 
A ces beukedeee 198 35 106 D D 55 20 14 5 13 3 0 2 
eer 457 43 172 16 156 240 99 62 16 48 15 0 2 
Oklahoma............ 604 41 392 2 390 153 43 14 9 74 13 0 18 
deed ae whe 6'e'b 4s 6,635 405 4,755 D D 1,216 551 139 83 283 160 2 257 
GreatLakes .......... 25.163 973 20,997 1,307 19,690 2,457 1,318 230 176 524 209 574 163 
isi ecnadewes 6,417 68 5.027 190 4,837 702 362 53 50 181 57 574 47 
asks ewinneved 2,347 92 1,988 226 1,762 262 144 20 20 61 17 0 4 
Se 8,851 92 8,116 89 8.027 601 310 40 50 155 46 0 42 
A 6 ccade eekaess 5.975 689 4,726 778 3,948 504 285 53 38 74 54 0 57 

ire 1,573 32 1,140 24 1,116 388 218 64 19 53 34 0 13 ° 

33 (continued) “ 


Appendix table 4—8. 2 
Geographic distribution of U.S. R&D expenditures, by performer and source of funds: 1991 

(page 2 of 2) ° 

Federal Industry Universities & colleges U&C — 
Govt. Sources Sources FFRDCs profits 
United Total Total Federal Total Federal Nonfed. All Total Total 
Geographic area States used’ used Govt. Industry? used® Govt. govt. Industry U&C other used* used 
Millions of dollars 

i a ea 5,807 206 4,298 804 3,494 1,191 567 179 84 282 80 26 86 
re 777 27 461 D D 259 124 34 14 74 13 26 3 
i i ie ek a ial NA 12 0-1,963 D D 124 44 29 7 40 4 0 5 
ee 2,228 41 1,810 150 1,660 332 165 54 19 61 33 0 46 
Ce NA 71 0-1,963 D D 306 165 19 30 67 24 0 22 
es eee ws a 211 22 59 7 52 124 41 36 10 33 5 0 6 
North Dakota.......... NA 24 0-1,963 D D 31 21 1 2 5 1 0 1 
South Dakota ......... 32 9 5 0 5 16 7 7 0 2 1 0 2 
Mountain ............. 8,550 1,085 5,185 2.156 3,029 1,080 629 74 77 243 57 1,053 147 
EE 1,399 132 944 199 745 284 132 8 20 109 16 27 11 
err NA 275 =1,751-2,593 0-842 1,751 262 186 13 18 25 20 78 106 
ee NA 37 0-985 0-842 0-143 42 16 9 5 12 0 0 1 
ss eee e644. NA 26 0-985 0-842 0-143 38 14 ) 4 11 0 0 1 
Eee 261 109 83 63 20 67 38 3 5 20 1 0 3 
New Mexico .......... 2.582 393 1,064 1,001 63 163 93 15 16 27 12 948 15 
hi ta a id ads a 665 103 356 51 305 202 138 17 7 34 6 0 4 
Ro dias bo al & 41 g 2 0 2 23 13 2 2 6 0 0 7 
Pt t60ikes hasendeeens 33,118 2.168 24.872 9,739 15,133 2.812 1,873 150 123 486 179 2.563 703 
eee 146 59 18 D D 67 34 2 2 28 1 0 2 
nD 2% 5% beh ema 28.337 1,885 21,279 8.911 12.368 2.137 1,432 84 86 387 148 2.563 473 
Pere or 145 45 11 D D 78 45 27 1 3 2 0 11 
Pee 600 47 349 21 321 179 109 26 7 21 16 0 24 
Washington........... 3,890 133 3,215 D D 350 253 11 28 45 12 0 193 
Other/unknown....._._... 3,835 577 675 241 434 341 192 44 24 60 21 8 2.234 


D = withheld to avoid disclosing operations of individual companies. NA = not available: FFRDC = federally funded research and development center: U&C = universities and colleges 
‘Total funds used by the Federal Government are from federal sources 


Industry R&D expenditures include all nonfederal sources of funds. For some states. industry sector data fall within the range specified. but have been withheld by the Census Bureau to avoid disclosing individual company 
operations. Industry performance total for Arkansas. California. Colorado. Florida. idaho, Kansas. Louisiana. Maine, Massachusetts. Mississippi. Missouri, Montana. North Dakota. Oregon. and Pennsylvania are derived from 
data with an imputation rate of 50 percent or more 


‘For universities ana colleges. funds distributed by state and region are for doctorate-granting institutions only 

‘includes R&D expenditures of university-associated FFRDCs. of which 99 percent were from federal sources 

“For the nonprofit sector. funds distributed by state and region inciude only federal obligations to organizations in this sector Estimated nontederal support to the nonprofit sector is included in “other unknown _ 

SOURCE: Science Resources Studies Division. National Science Foundation. unpublished tabulations 

See text table 4—2 Science & Engineering Indicators - 1993 
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Appendix table 4-9. 
R&D performance, gross state product, and R&D/GSP ratio, by state: 1991 

Total R&D GSP* R&D/GSP 

—_~ Millions of dollars -Percent 

I a ia wo tail 1,503 75,774 2.0 
es ia ea i ea 146 22,254 0.7 
ie ee i Aiea 1,399 70,860 2.0 
Arkansas................ 198 41,650 0.5 
Re spe eke eae 28,337 765,038 3.7 
i i 2,473 74,952 3.3 
hs cetewtbeuen 1,913 92,773 2.1 
ee 949 16,500 5.8 
District of Columbia ........ 1,737 43,654 4.0 
Ne as waa oe 3,700 249,367 1.5 
Ks bees ditceee nee 1,479 142,893 1.0 
rr 145 30,622 0.5 
re 79-1 ,064 18,516 NA 
RS rer y 6,417 278,488 2.3 
2,347 113,883 2.1 
ey a 777 57,223 1.4 
EE 141-2,104 54,554 NA 
317 73,012 0.4 
te tcistctvadesaes 457 88,562 0.5 
DT ptigeuudieh~eaeeaas 57-341 24,546 NA 
CE (i104 cheats oes ee. 5,864 106,676 5.5 
Massachusetts ........... 8,561 147,893 5.8 
eee 8,851 190,166 4.7 
ee 2,228 101,939 2.2 
Te ee 299 41,725 0.7 
Se 399-2 ,362 106,919 NA 
ee 66-1,051 14,428 NA 
ee ee ee 211 35,009 0.6 
tobe: 66064060604 261 33,200 0.8 
New Hampshire'.......... 270 24,935 1.1 
New Jersey.............. 8,768 216,408 4.1 
TE ¢0360460¢00004 2,582 28,157 9.2 
cc.  seckeseaee 10,363 467,342 2.2 
North Carolina............ 1,965 141,271 1.4 
a 56-2,019 13,465 NA 
td 6:6 66666606.0% 6648 5,975 226,078 2.6 
ee 604 57,569 1.0 
ti ceenedasvevees 600 59,424 1.0 
Pennsylivania............. 7,621 247,019 3.1 
Rhode Isiand............. 485 19,076 2.5 
South Carolina............ 595 67,447 0.9 
DED +6 ceéeeeeees 32 12,746 0.3 
CT 6666606086600 1,139 102,473 1.1 
ETT TT Tee 6,635 392,197 1.7 
Mtihheo ots 4e04eeeur 665 32,142 2.1 
6 64 0066080604 56-340 12,141 2.8 
TT TTTETT Tee 2,771 147,233 1.9 
C+ s6eseeeeseusd 3,890 112,106 3.5 
West Virginia’............ 223 31,671 0.7 
DS ccd vensecactes 1,573 102,764 1.5 
TE ¢50040000560665 41 12,401 0.3 
NA = not available 


‘Total in-state R&D performance of all sectors estimated from range reported in appendix table 4-8. 

?R&D performance range too wide for point estimation. 

3Gross state product data are available from the Bureau of Economic Analysis (BEA) through 1989. GSP data for 1991 are estimated 
here based on changes in employee compensation and proprietors’ income between 1989 and 1991, as reported by BEA. 

SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations. 

See figure 4—4. Science & Engineering indicators - 1993 
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Appendix table 4—10. 


Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-94 


(page 1 of 6) 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Millions of current dollars 
Total R&D 
a. cee ene ondenaeew vn s 29.830 33,104 36433 38,712 42.225 48360 51.412 55.255 56935 61.406 63.667 61.295 67.121 71546 70,363 
Ee 688 774 797 848 866 943 929 948 1017 1,038 1.108 1.237 11,327 1.344 1,386 
ee eas 343 328 336 335 358 399 399 402 389 398 438 490 544 608 731 
ins 6 oy + cheese ug Wie'ale eh 13,981 16509 20,623 22,993 25.373 29.792 32,938 35.232 35.415 37.577 37.268 32.135 35.996 39.611 37.554 
SE en ee ee Pe 139 105 128 112 116 125 121 133 141 159 170 171 161 171 176 
EES en ye Me ame 4754 4918 4708 4537 4674 4966 4688 4757 5036 5193 5631 5983 5975 6.080 5.921 
Dept. of Health & Human Services ........... 3.780 3.927 3,941 4353 4,831 5451 5658 6609 7.158 7903 8406 9756 10812 10402 10,722 
National Institutes of Health............... 3,182 3.333 3433 3.789 4,257 4828 5,005 5853 6291 6778 7.137 7696 8.408 9.788 10.079 
Dept. of Housing & Urban Development... ..... 56 48 29 32 18 19 15 16 18 18 19 28 25 26 35 
is hae se de» o-6 bike eo 411 427 381 383 411 392 385 404 417 469 509 593 610 604 599 
ee A os bee en hone ee. 138 62 25 20 16 13 10 22 36 35 73 44 52 61 63 
Dept. of Transportation.................... 361 416 310 348 448 429 386 324 304 303 366 380 442 715 727 
Dept. of Veterans Affairs .................. 133 144 137 161 190 227 186 210 38215 235 238 217 288 305 259 
Agency for International Development... ...... 149 134 200 227 237 220 251 218 204 279 335 378 373 373 333 
Environmental Protection Agency............ 345 326 335 241 261 320 317 348 863347 380 420 433 487 503 540 
National Aeronautics & Space Admin ......... 3.234 3,593 3,078 2662 2822 3327 3,420 3,787 4330 5393 6533 7280 7,658 8.190 8,637 
National Science Foundation ............... 882 962 975 1,062 1203 1346 1,353 1471 1533 1,670 1,690 1,785 1,846 2.069 2.221 
Nuclear Regulatory Commission............. 183 220 220 207 191 150 124 123 109 115 218 109 119 120 122 
ink id cine 6a h06 865 66 dkaS 253 211 208 193 210 242 232 254 266 241 248 278 406 364 337 
Basic research 
ER i. ian ie od bee ons Owe OS Oe 4674 5,041 5482 6260 7,067 7819 8153 8944 9474 10602 11,286 12.171 13602 13.715 13,923 
ieee ed oeneesaveew ewes 276 314 331 362 393 445 433 445 481 485 519 558 595 597 631 
Ns sn 60 6 6600450646056 840% 16 16 17 19 21 23 27 26 31 29 31 34 35 37 40 
ee er 540 604 687 786 848 861 924 908 877 948 86948 994 1,132 1.266 1,251 
LS 4.6.56 044 6s b 4000 6606604 18 21 14 14 12 15 5 3 a a 5 9 5 5 5 
ee eee eT eee 523 586 642 768 830 943 960 1,068 1185 1411 1505 1,686 1,721 1,764 1,752 
Dept. of Health & Human Services ........... 1.763 1,900 2145 2475 2815 3,233 3,339 3,830 4,081 4388 4649 5050 £6,170 5.694 5,777 
National Institutes of Health............... 1642 1,767 2021 2313 2625 3,018 3,119 3577 3.795 4053 4262 4590 5,057 5.688 5,774 
Dept. of Housing & Urban Development........ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Es. 2 i 0604 660666 @ 6# 0:65 ax 72 81 77 103 126 138 133 135 126 189 §205 229 230 227 213 
i iene de @ wkd bs 60.8406 Ob eS 64 4 4 7 5 5 3 1 1 1 1 " 7 6 6 
8 PET TTT TT Tree 0 1 1 1 4 1 1 0 0 0 0 0 1 4 2 
Dept. of Veterans Affairs .................. 14 15 13 14 16 15 15 17 17 17 16 16 16 14 12 
Agency for International Development......... 0 0 0 4 3 2 4 3 3 3 5 6 6 7 6 
Environmental Protection Agency............ 14 11 33 22 30 39 39 31 27 51 73 91 111 110 78 
National Aeronautics & Space Admin ......... 559 531 536 617 755 751 917 1,014 1,113 1,417 1,637 1,706 1,738 1.952 1,991 
National Science Foundation ............... 815 897 916 999 1,132 1.262 1.275 1,371 1433 1563 1,586 1676 1,721 1.918 2.051 
Nuclear Regulatory Commission............. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Es +6449 606 60 645-06 606 6 08 61 61 65 70 80 88 83 93 95 96 106 115 114 114 108 
(continued) 
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Appendix table 4—10. 
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-94 


(page 2 of 6) 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Millions of current dollars 
Applied research 
Total, allagencies......................... 6,923 7,172 7,541 7,993 7,911 8315 8349 8999 9,176 10,163 10,453 11,798 12527 14,094 13,696 
Dept. of Agriculture ...................... 382 427 436 456 442 466 464 473 505 517 550 618 666 671 670 
eee eee eee 239 233 259 266 276 301 313 313 311 322 346 415 452 488 551 
A. . . cee yh een aeeeeeeeaknens 1,721 1,997 2266 2437 2,201 2307 2,303 2,440 2362 2,708 2,582 2,724 2,860 3,865 3,007 
I i aii la ik i 70 33 56 62 69 77 91 104 107 118 125 123 116 121 128 
I Oia eel tee an and ek tes 754 827 1,054 1,193 1,195 1,198 1,081 1,029 1,051 1.021 1,066 1,587 1,708 1,863 1,665 
Dept. of Health & Human Services ........... 1,570 1,592 1,461 1,545 1652 1,796 1,851 2,195 2416 2,700 2,818 3,112 3,560 3,582 3,689 
National Institutes of Health............... 1,145 1,182 1,104 1,165 1.286 1410 1,469 1,740 1,886 2,008 2,074 2194 2,344 3,012 3,085 
Dept. of Housing & Urban Development........ 20 17 10 11 6 7 5 6 6 6 7 9 9 10 14 
Dept. of the Interior ...................... 283 289 275 255 254 231 235 247 266 253 ~=270 324 340 342 350 
ie eb es ww 4 wee $0 ee 33 55 11 13 11 9 9 19 26 22 21 24 18 15 16 
Dept. of Transportation.................... 82 87 66 72 74 70 68 68 91 120 119 115 150 318 293 
Dept. of Veterans Affairs .................. 104 113 110 132 156 194 155 173 179 197 199 178 247 249 212 
Agency for International Development......... 80 86 128 153 164 158 181 151 132 216 300 352 233 337 288 
Environmental Protection Agency ............ 232 208 211 152 142 176 179 246 241 223 8242 262 296 316 383 
National Aeronautics & Space Admin ......... 1,051 876 871 928 955 1,033 1,152 1,256 1,219 1,461 1,424 1,666 # £1,491 1,606 2,105 
National Science Foundation ............... 58 59 57 63 71 84 78 99 100 108 103 109 125 151 170 
Nuclear Regulatory Commission............. 183 220 220 207 191 150 124 123 109 115 218 109 119 120 122 
ns ik ste eee eee ek 66s $44 63 53 49 49 53 59 61 57 56 56 64 71 37 40 33 
Development 

Total, allagencies......................... 18,233 20,891 23,410 24458 27,246 32,226 34,910 37,313 38,285 40,640 41,928 37,327 40,992 43,738 42,745 
8 er 30 33 31 30 31 32 32 29 31 36 39 61 66 77 85 
PEED vices vec ececeeesevess 88 79 60 50 62 75 60 64 47 47 61 40 58 83 139 
CC ET Te eee ee ee 11,719 13,908 17,670 19,770 22,324 26623 29,711 31,884 32,176 33,921 33,739 28,417 32,003 34,479 33,297 
a 2 es 6:4 44 ORO Re OOO Re EROS 52 51 58 36 35 33 26 26 30 37 40 39 39 45 42 
CC EE ee ee ee ee 3,476 3,505 3,012 2576 2649 2825 2648 2,659 2,801 2,761 3,060 2,709 2,546 2,453 2,504 
Dept. of Health & Human Services ........... 447 435 335 332 365 423 468 584 661 814 939 1,594 1,082 1,126 1,256 
National Institutes of Health............... 394 385 309 311 347 400 418 536 610 717 ~—s«801 913 1,007 1,089 1,220 
Dept. of Housing & Urban Development........ 36 31 19 21 12 12 10 11 12 12 13 18 16 16 21 
EE sis 6 0:8) 0 04-94 9-4004-04'6 57 57 30 25 31 22 17 22 24 27 33 40 39 35 35 
i + <6 okh ©4460440 044 605.404088 102 4 8 2 0 1 1 1 9 13 51 20 27 40 41 
UR. GT WHRPUTUEO. 0. ww ces 279 327 243 275 371 358 317 256 213 182 247 265 291 393 432 
Dept. of Veterans Affairs .................. 16 17 14 15 18 18 16 19 19 21 22 23 25 41 35 
Agency for International Development......... 70 48 72 71 70 61 66 64 69 60 29 20 34 28 39 
Environmental Protection Agency ............ 100 107 92 66 89 106 100 71 80 107 104 79 80 78 79 
National Aeronautics & Space Admin ......... 1,624 2,186 1,671 1,117 1.113 1,544 1,351 1,518 1,999 2515 3473 3,909 4,428 4,632 4,541 
National Science Foundation ............... 8 6 2 0 0 0 0 0 0 0 0 0 0 0 0 
Nuclear Regulatory Commission............. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~ . Fe rrrrerrr ss rrre ttre 129 97 94 73 77 95 88 106 114 87 78 92 258 212 199 
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Appendix table 4—10. 2 
Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980-94 ad 
(page 3 of 6) a 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Millions of current dollars 
R&D plant 
a 1,556 1486 1,390 1,298 1,787 1,821 1,539 1,846 2,057 2967 2,284 3695 3,360 3,901 3,791 
EE er 57 21 21 34 39 41 79 112 135 124 102 145 165 196 93 
Ee ee 5 1 1 1 9 4 9 5 11 16 15 16 27 158 148 
ic cin teen eee Roa 4 Ooo He 208 278 291 313 529 531 286 477 436 615 487 1,253 323 309 216 
EE 0 0 0 0 0 1 7 21 5 2 9 4 2 2 2 
alk i ak in 4k 9g 4 09 8 444 1,024 978 914 758 852 863 742 772 915 1,043 916 1,220 1,790 1,912 2,089 
Dept. of Health & Human Services ........... 31 24 25 48 31 42 38 37 20 131 108 86 73 116 129 
National Institutes of Health............... 29 22 19 18 28 29 29 35 19 130 85 68 68 116 129 
Dept. of Housing & Urban Development........ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
re 8 3 1 2 5 4 4 12 9 12 14 22 18 7 12 
ES ae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of Transportation.................... 23 19 12 22 17 9 12 11 14 19 22 18 25 53 39 
Dept. of Veterans Affairs .................. 4 15 3 11 6 3 5 6 20 11 3 3 6 9 10 
Agency for International Development......... 6 8 6 5 8 7 8 7 6 0 13 15 0 0 0 
Environmental Protection Agency............ 0 0 0 0 0 0 0 0 0 0 0 0 4 2 0 
National Aeronautics & Space Admin ......... 159 116 114 101 244 234 275 309 428 853 527 724 818 991 872 
National Science Foundation ............... 19 15 2 3 45 74 53 61 57 119 39 160 101 138 177 
Nuclear Regulatory Commission............. 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
CC EE ee ee ee 4 1 1 1 1 2 20 15 1 22 27 29 8 8 4 
R&D and R&D plant 
Total, allagencies......................... 31,386 34,590 37,822 40,010 44,012 50,180 52,951 57,101 58,992 64,373 65,951 64,991 70.481 75,447 74,154 | 
«ng £4 60-60 4044003044 408 745 795 819 881 905 984 1,008 1,060 1,152 1,162 1,211 1,381 1,492 1,540 1,479 
 - PPT TTTTCET ETE TTT 347 329 337 336 368 403 409 407 400 414 454 505 571 766 879 
Es 64:66 460 4466440000000044 14,189 16,786 20,913 23,305 25,902 30,322 33,224 35,709 35,851 38,192 37,755 33,388 36,319 39,920 37,770 
5 Err erreeerrres Tre tT 139 105 128 112 116 126 128 154 146 161 179 175 163 173 178 
eee ee 5,778 5896 5622 5294 5526 5834 5431 5529 5951 6236 6547 7,203 7,765 7,992 8,010 | 
Dept. of Health & Human Services ........... 3,811 3951 3,965 4400 4862 5493 5696 6645 7,178 8034 8513 9842 10885 10,518 10,851 | 
National Institutes of Health .............. 3,211 3,356 3,453 3,807 4,285 4,857 5,035 5889 6310 6908 7,221 7,763 8,476 9,904 10,208 | 
Dept. of Housing & Urban Development........ 56 48 29 32 18 19 15 16 18 18 19 28 25 26 35 
CE ee ee 419 431 382 385 416 396 390 416 426 481 523 615 628 611 611 | 
ETP TT rrr erere errr er 138 62 25 20 16 13 10 22 36 35 73 44 52 61 63 i> 
Dept. of Transportation.................... 385 434 322 370 465 438 398 336 318 322 86387 398 467 768 766 | 3 
Dept. of Veterans Affairs .................. 138 159 140 172 196 230 191 215 235 246 8241 220 294 314 269 ‘5 
Agency for International Development......... 156 142 206 232 245 227 259 224 211 279 348 393 373 373 333 | . 
Environmental Protection Agency............ 345 326 335 241 261 320 317 348 347 380 420 433 491 505 540 {a 
National Aeronautics & Space Admin ......... 3,393 3,709 3,192 2,763 3,066 3,562 3,695 4,097 4,758 6246 7,060 8004 8,476 9,181 9,509 - os 
National Science Foundation ............... 901 976 977 1,065 1,248 1419 1,407 1,532 1,590 1,789 1,729 1,945 1,947 2,207 2,398 3 
Nuclear Regulatory Commission............. 190 227 220 207 191 150 124 123 109 115 218 109 119 120 122 a 
Ns 6 66 0445444 4040024006404 257 212 209 194 210 244 252 270 267 264 275 307 414 372 341 4 
.; 4 
| 
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Appendix table 4—10. % 

Federal obligations for R&D and R&D pliant, by agency and character of work: FYs 1980-94 o 

(page 4 of 6) 5 

Qe 

Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 #1991 1992 1993 1994 2 

Millions of constant 1987 dollars & 

Total R&D é 

> 

Total, allagencies......................... 42,253 42,550 43,580 44.496 46,452 51,283 52948 55.255 54957 56.752 56.493 52.479 55888 58167 55.84. & 

mee. GE ID... cc cece 974 995 954 974 953 1,000 956 948 982 959 983 1,059 1,105 1,093 1.100 = 

Dept. of Commerce ...................... 485 421 402 385 394 423 411 402 375 368 389 419 453 494 580 G 

os sos i Sa den eens antes 19,803 21,219 24668 26,429 27,913 31,592 33,922 35,232 34.184 34,729 33,068 27,513 29972 32204 29.805 . 

CN Ee 197 135 153 128 127 132 125 133 136 147 151 146 134 139 140 2 

itl aa ng 5 2 44 0% 6.733 6322 5632 5215 5141 5266 4828 4,757 4,861 4.799 4996 5123 4975 4943 4699 = 
Dept. of Health & Human Services ........... 5.354 5048 4,714 5003 5314 5780 5827 6609 6909 7,304 7.458 8353 9002 8457 8510 
National Institutes of Health............... 4,507 4284 4107 4355 4684 5120 5155 5853 6072 6264 6332 6589 7,001 7,958 7,999 
Dept. of Housing & Urban Development........ 79 62 35 37 20 20 16 16 17 17 17 24 21 21 28 
ED 6. acceceeeneeneeeees 583 549 456 440 452 415 397 404 403 433 451 508 508 491 475 
Er 196 80 30 23 18 14 11 22 35 32 65 38 43 50 50 
Dept. of Transportation.................... 512 534 371 400 493 455 397 324 293 280 324 325 368 581 577 
Dept. of Veterans Affairs .................. 189 186 164 186 209 240 192 210 208 217 211 185 240 248 206 
Agency for International Develooment......... 211 172 239 261 261 234 259 218 197 258 297 323 311 303 264 
Environmental Protection Agency ............ 489 419 401 277 287 340 327 348 335 351 372 370 405 409 429 
National Aeronautics & Space Admin ......... 4,581 4619 3682 3,059 3,104 3528 3522 3,787 4180 4984 5797 6233 6376 6659 £6,855 
National Science Foundation ............... 1.249 1,236 1,167 1,221 1.323 1,427 1,394 1,471 1,480 1.543 1,499 1528 1537 1,682 1,763 
Nuclear Regulatory Commission............. 259 282 264 238 210 159 127 123 105 106 193 93 99 98 97 
All other agencies ....................... 358 272 249 221 231 256 239 254 257 223 220 238 338 296 267 

Basic research 

Total, allagencies......................... 6.621 6480 6557 7,196 7,775 8291 8397 8944 9145 9,799 10,014 10,420 11,326 11,150 11,050 
ee 391 404 396 416 432 472 446 445 464 448 461 477 495 485 501 
rs + kb 66 64000000405 0408 23 21 20 22 23 25 27 26 30 27 28 29 29 30 32 
Ss 6066 awh 060 44.0005040408 765 777 821 903 933 913 951 908 847 876 841 851 943 1,029 993 
er 25 26 17 16 13 15 5 3 4 4 4 7 4 4 4 
Ce citer eeeniesenss eke’ ees 741 754 768 882 914 1,000 988 1,068 1,144 1304 1,335 1,444 1433 1434 11,390 
Dept. of Health & Human Services ........... 2,497 2443 2565 2845 3,096 3428 3439 3830 3939 4,055 4,125 4324 5137 4629 4,585 
National Institutes of Health............... 2,326 2,271 2417 2,659 2888 3,200 3,212 3,577 3663 3,746 3,781 3929 4211 4624 4583 
Dept. of Housing & Urban Development........ 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 
rE + 5.4.4 690 6946064006640 04% 101 104 92 118 139 147 137 135 122 175 182 196 192 185 169 
UST TEP TT TOTES TTT eT eT 6 5 8 6 6 3 1 1 1 1 0 0 6 5 5 
Dept. of Transportation.................... 0 2 1 1 4 1 1 0 0 0 0 0 1 3 2 
Dept. of Veterans Affairs .................. 20 19 15 16 17 16 15 17 17 15 14 14 13 11 10 
Agency for International Development......... 0 0 0 5 3 2 4 3 3 3 4 5 5 6 5 
Environmental Protection Agency............ 19 13 39 26 33 41 40 31 26 47 65 78 92 89 62 
National Aeronautics & Space Admin ......... 792 683 641 709 830 796 944 1,014 1,074 1.310 1,452 1,460 £1,447 1,587 1,580 
National Science Foundation ............... 1,155 1,152 1,096 1,148 1,246 1,338 1,313 1,371 1,383 1445 1,408 1,435 1433 1559 1,628 
Nuclear Regulatory Commission............. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CE 466864546406 00000400004 87 78 77 81 88 93 85 93 91 89 94 99 95 93 86 ° 
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Appendix table 4—10. 


Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-94 


(page 5 of 6) 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 #1991 1992 1993 1994 
Millions of constant 1987 dollars 
Applied research 
II. gg cece es eveeeeesseces 9806 9218 9020 9188 8703 8817 8598 8999 8857 9393 9.275 10.101 10430 11.459 10,870 
Dept. of Agriculture ...................... 541 549 521 524 486 494 477 473 487 478 488 529 555 546 532 
Dept. of Commerce...................... 338 300 310 305 304 319 322 313 300 298 307 356 376 397 437 
Ns ba ae shale eee eon ae 2.438 2566 2.711 2,801 2.421 2446 2372 2440 2.280 2503 2.291 2332 2.381 3.142 2,387 
a A a te a oe 8 99 43 67 71 76 82 94 104 103 109 111 105 97 98 102 
I RS atin 6 ye 4 04 1,068 1.063 1,261 1.372 1314 1,271 1,113 1,029 1.014 944 946 1359 1,422 1,515 1,321 
Dept. of Health & Human Services ........... 2.224 2,046 1.747 1.776 1817 1904 1906 2195 2332 2495 2501 2665 2,964 2.912 2,928 
National institutes of Health............... 1622 1,519 1320 1339 1414 1495 1513 1,740 1,820 1.856 1,840 1878 1,952 2.449 2,448 
Dept. of Housing & Urban Development........ 28 21 12 13 7 7 5 6 6 6 6 8 7 8 11 
es a de ae bk & oO. Os 401 372 329 293 280 245 242 247 257 234 8 239 277 283 278 278 
ES re 46 70 13 15 12 10 9 19 25 20 19 21 15 12 13 
Dept. of Transportation.................... 117 112 79 82 82 74 70 68 88 111 106 98 125 259 233 
Dept. of Veterans Affairs .................. 147 145 132 152 172 205 160 173 173 182 177 152 206 202 168 
Agency for International Development. ........ 113 111 153 175 180 168 186 151 128 200 266 301 277 274 229 
Environmental Protection Agency............ 328 267 252 175 157 187 185 246 233 206 214 224 246 257 304 
National Aeronautics & Space Admin ......... 1488 1126 1042 1,066 1,050 1,095 1,187 1,256 1,177 1.350 1,263 1,426 1,241 1.306 1.671 
National Science Foundation ............ 83 76 68 72 78 89 80 99 97 100 92 93 104 123 135 
Nuclear Regulatory Commission............. 259 282 264 238 210 159 127 123 105 106 193 93 99 98 97 
Ee 90 68 59 57 59 62 63 57 54 52 57 61 31 33 26 
Development 
Total, aliagencies......................... 25.826 26.852 28.003 28.113 29.974 34,174 35,953 37.313 36,955 37,560 37.204 31,958 34.132 35,559 33,925 
6 65 654005440000 00000 4 43 42 37 34 34 34 33 29 30 33 35 52 55 63 67 
LY 4's 6 04.4450 00R 0044 OO0 08 125 101 72 58 68 79 61 64 45 43 54 34 48 67 110 
EI ere ae a 16,599 17,876 21.136 22,724 24559 28,232 30,598 31,864 31,058 31,350 29.937 24330 26647 28,032 26.426 
i chic pep 5nd deeke eenen 73 66 69 41 38 35 26 26 29 34 35 34 32 37 33 
teks the vies cad eekweheas 4924 4505 3603 2960 2914 2996 2,727 2659 2.704 2,552 2.715 2320 2,120 1,994 1,987 
Dept. of Health & Human Services ........... 634 559 401 381 401 448 482 584 638 752 #8833 «1,364 901 915 997 
National Institutes of Health............... 559 495 369 357 382 424 430 536 589 663 710 781 838 885 968 
Dept. of Housing & Urban Development........ 52 40 22 24 13 13 10 11 12 11 11 16 13 13 17 
ee re 80 74 35 29 34 24 18 22 23 25 30 34 32 28 28 
£55 ba 6 46064 e460 4640 45944: 144 5 10 2 0 1 1 1 9 12 46 17 22 33 33 
Dept. of Transportation.................... 395 420 291 316 408 379 327 256 206 168 219 227 242 320 343 
Dept. of Veterans Affairs .................. 22 21 17 18 20 19 17 19 19 19 20 20 21 33 28 
Agency for International Development......... 99 61 86 81 77 64 68 64 67 55 26 17 28 23 31 
Environmental Protection Agency........... 142 138 110 76 98 112 102 71 77 99 93 68 67 63 63 
National Aeronautics & Space Admin ......... 2,301 2.810 1998 1,284 1,224 1637 1,391 1.518 1,930 2,324 3.081 3,347 3,687 3.766 3,604 
National Science Foundation ............... 11 8 3 0 0 0 0 0 0 0 0 0 0 0 0 
Nuclear Regulatory Commission............. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
nn «iss 564 4%¥000 Seeudoeens 182 125 113 84 85 101 90 106 110 80 70 79 215 172 158 
(continued) 
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Appendix table 4-10. % 
Federal obligations for R&D and R&D plant, by agency and character of work: FYs 1980-94 ® 
(page 6 of 6) x 
B 
Agency 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 2 
Millions of constant 1987 dollars & 
R&D plant é 
Total,allagencies ...--=-—=ss—s—s—s—sssssiiw 2.204 1910 1662 1492 1966 1.931 1585 1846 1986 2742 2026 3.164 2.798 3.172 3,009 é 
ai edo weg 60 cae ede ee 81 27 26 39 43 43 82 112 130 115 91 124 137 159 74 ~ 
Dept. of Commerce...................... 7 2 1 1 10 4 10 5 (11 15 14 14 22 128 117 s 
EEE ES Se Re ee 295 357 347 359 582 563 295 477 421 568 432 1.073 269 251 171 
Dept. of Education....................... 0 0 0 0 0 1 7 21 5 2 8 4 2 2 2 © 
ON i a 1.450 1.257 1.093 871 938 921 764 772 = 883 964 813 1045 1490 1.554 1.658 7. 
Dept. of Health & Human Services ........... 3 30 30 55 34 45 39 37 19 121 96 74 61 94 102 
Dept. of Housing & Urban Development....... . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 
Dept. of the Interior ...................... 11 4 2 3 a 4 4 12 9 11 12 19 15 6 10 
ae i a ea eae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dept. of Transportation.................... 33 24 14 25 19 10 12 11 13 18 19 16 21 43 31 
Dept. of Veterans Affairs .................. 6 19 3 12 7 3 5 6 19 10 3 3 5 7 8 
Agency for International Development....... . . 9 10 7 6 9 7 8 7 6 0 12 13 0 0 0 
Environmental Protection Agency............ 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 
National Aeronautics & Space Admin ......... 225 149 136 116 269 248 283 309 413 788 468 620 681 806 692 
National Science Foundation ............... 26 19 2 4 50 78 55 61 55 110 35 137 84 112 140 
Nuclear Reguiatory Commission............. 11 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
| 
R&D and R&D plant 
WEP, 5c cc ccc ccc cc sceesescees 44.456 44460 45.242 45988 48.418 53.214 54533 57.101 56942 59.494 58519 55643 58685 61.339 58.852 | 
CE PETE TTT eT ee Tee 1.055 1,022 979 1,013 996 1043 1038 1,060 1.112 1.074 1.074 1,183 1,242 1.252 1,174 
re 492 423 403 386 404 427 421 407 386 383 402 433 475 623 698 
Dept. of Defense........................ 20,098 21.576 25.016 26.788 28.495 32.155 34.216 35.709 34.605 35.298 33.501 28.586 30.241 32.455 29.976 | 
ss ae esa 660604444800 eS 8 197 135 153 128 127 134 132 154 141 149 159 150 136 141 141 
i ce eee ee kk Se 448 OR KA 8.184 7579 6725 6086 6079 6.187 5593 5529 5744 5763 5809 6167 6.465 6.498 6,357 
Dept. of Health & Human Services ........... 5.398 5078 4,743 5058 5349 5825 5866 6645 6928 7425 7554 8427 9,063 8.551 8.612 
Dept. of Housing & Urban Development...... . . 79 62 35 37 20 20 16 16 17 17 17 24 21 21 28 
Fe 593 553 457 442 458 420 401 416 412 445 464 527 523 497 485 
CC ee eee 196 80 30 23 18 14 11 22 35 32 65 38 43 50 50 
Dept. of Transportation.................... 545 558 385 425 512 464 409 336 307 298 344 341 389 624 608 
Dept. of Veterans Affairs .................. 195 205 168 198 216 244 197 215 227 227 214 188 245 255 213 
Agency for International Development......... 220 183 246 267 270 241 266 224 203 258 309 336 311 303 264 
Environmental Protection Agency............ 489 419 401 277 287 340 327 348 335 351 372 370 409 411 429 
National Aeronautics & Space Admin ......... 4806 4,767 3818 3.176 3373 3,777 3,805 4097 4593 5773 6265 6853 #£7.057 7,464 7,547 
National Science Foundation ............... 1.275 1,255 1,168 1224 1373 1505 1449 1532 1535 1653 1534 1665 #1621 1.794 1,903 | 
Nuclear Regulatory Commission............. 270 292 264 238 210 159 127 123 105 106 193 93 99 98 97 
* = less than $500,000 
NOTES: Data for 1993-94 are estimates. Data for 1992-94 are from the Clinton administration's 1994 budget proposal’ They r from the figures in appendix tables 4-11 through 4-16. which are derived from National 
Science Foundation surveys of federal agencies. See appendix table 4—1 for GDP implicit price deflators used to convert current GBllars to constant 1987 dollars 
SOURCES Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development. Fiscal Years 1991. 1992. and 1993. (Washington DC: NSF. 1993). and Office of Management « 
and Budget. unpudlished tabulations. 2 
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Appendix table 4-11. | 
Estimated federal obligations for R&D, by selected agency, performer, and character of work: FY 1993 


FFRDCs Univers. FFRDCs Other FFRDCs State & 
Federal industrial admin.by and admin.by non- admin. by local 
Agency Total intramural firms industry colleges U&C profits nonprofits govt. Foreign 


Millions of dollars 


Total R&D 
Total, allagencies............... 69.754 16643 31,203 2,142 11,764 3,703 2,957 721 286 336 
Dept. of Agriculture............... 1,337 899 9 ° 416 0 7 0 3 4 
Dept. of Commerce .............. 623 477 88 0 50 ’ 3 , 5 
Dept. of Defense ................ 36,155 8.277 24,543 315 1,558 558 272 447 1 185 
a a ao a5 6,731 567 1,242 1,759 576 2,203 164 216 4 2 
Dept. of Health & Human Services... . 11,143 2,361 452 21 6,284 35 1,719 26 187 59 
Dept. of the Interior............... 541 482 13 : 40 0 1 0 3 2 
Dept. of Transportation............ 493 262 158 1 32 0 9 15 15 1 
Environmental Protection Agency .... 520 116 214 0 123 , 38 0 28 0 
National Aeronautics & Space Admin. . 8,629 2,646 4,288 0 675 750 252 2 5 12 
National Science Foundation........ 2,247 16 102 1 1,838 135 143 ' 4 8 
All other agencies................ 1,336 541 94 45 171 23 349 16 34 63 
Basic research 
Total, allagencies............... 14,184 2,893 1,104 227 + @7,070 1468 1,228 79 59 55 
Dept. of Agriculture............... 642 416 3 0 215 0 4 0 1 2 
Dept. of Commerce .............. 40 36 : 0 3 : 7 0 0 7 
Ph CED occ cccceccevcees 1,162 333 94 1 682 11 31 0 . 11 
RT +04 6460e640604 0 1,873 57 36 215 405 971 120 68 4 1 
Dept. of Health & Human Services... . 5,849 1,113 212 11 3,530 21 870 9 50 31 
Dept. of the Interior............... 195 179 1 0 12 0 1 0 3 0 
Dept. of Transportation............ 0 0 0 0 0 0 0 0 0 0 
Environmental Protection Agency .... 116 12 51 0 52 d 0 0 0 0 
National Aeronautics & Space Admin. . 2,060 597 613 0 453 331 60 1 1 4 
National Science Foundation........ 2,094 15 91 1 1,710 135 132 , 4 7 
All other agencies................ 154 135 2 0 7 . 11 0 1 0 
Applied research 
Total, allagencies............... 13,715 4,948 2,955 451 3,183 916 976 101 94 92 
Dept. of Agriculture............... 630 420 6 P 198 0 2 0 2 1 
Dept. of Commerce .............. 494 406 40 0 43 . 1 4 5 . 
ee 3,365 1,401 1,392 21 449 55 30 10 0 6 
TT 56k 6n6eaed anes ee 1,748 262 195 376 137 684 29 61 2 
Dept. of Health & Human Services. . . . 3,460 803 181 7 1,840 10 529 14 58 20 
Dept. of the Interior............... 311 280 4 . 25 0 1 0 1 2 
Dept. of Transportation............ 210 85 91 1 19 0 8 1 4 1 
Environmental Protection Agency .... 319 93 122 0 59 0 27 0 19 0 
National Aeronautics & Space Admin. . 2,103 888 857 0 147 145 61 ' 1 4 
National Science Foundation........ 153 1 11 ° 127 . 11 ‘ 1 1 
All other agencies................ 921 309 57 45 138 23 276 15 3 56 
Development - 
Total, allagencies............... 41,855 8.802 27,144 1,464 1,511 1,318 753 541 133 §=6189 
Dept. of Agriculture............... 65 63 0 0 2 Q ’ 0 . : 
Dept. of Commerce .............. 89 36 47 0 5 f 1 ‘ 0 0 
Dept. of Defense ................ 31,628 6.542 23,056 293 427 492 211 438 1 169 
5 BPPPSTUT TIT eee 3,111 248 1,011 1,168 34 548 14 86 1 . 
Dept. of Health & Human Services... . 1,834 445 59 3 914 4 320 2 78 8 
Dept. of the interior............... 35 23 9 0 3 0 0 0 0 0 
Dept. of Transportation............ 283 176 68 r 13 0 1 14 11 0 
Environmental Protection Agency .... 84 11 41 0 12 0 11 0 9 0 
National Aeronautics & Space Admin. . 4,465 1,161 2,817 0 75 274 131 1 2 4 
National Science Foundation........ 0 0 0 0 0 0 0 0 0 0 
Allother agencies................ 260 97 36 . 26 63 0 31 8 


* = less than $500,000; FFRDC = federally funded research and development center: U&C = universities and colleges 


NOTE: These figures reflect funding levels as reported by federal agencies in March through October 1992 They differ from the figures in appendix table 4-10. which 
reflect subsequent congressional appropriation actions through March 1993 


SOURCE: Science Resources Studies Division, National Science Foundation. Federai “unds for Research and Development Fiscal Years 1991. 1992 and 1993 
(Washington, OC: NSF, 1993). 
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Appendix table 4—12. 


Federal obligations for R&D, by character of work and performer: FYs 1983-93 


(page 1 of 2) 
1992 1993 
Character of work and performer 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est.) (est) 
Millions of current dollars 

Total research and development.............. 38,712 42.225 48 360 51,412 55.253 56.769 61,406 63.667 61.295 70,368 69.754 
i es nk og owe 10,582 11,572 12.945 13,535 13.413 14,115 15,121 16.002 15.238 16,635 16,643 
industrial firms excluding FFRDCs........ 17,020 18,610 21,705 24,201 26.768 26,719 28.548 29.378 26,421 32,156 31.203 
FFRDCs administered by industry ............. 1,501 1,608 1,791 1,697 1,860 1,911 1,960 2.237 2.068 2.178 2,142 
Universities and colleges excluding FFRDCs...... 4,966 5,547 6,340 6,559 7,337 7,828 8,672 9,142 10,169 11,298 11,764 
FFRDCs administered by universities........... 2.394 2,486 2.816 2.768 3,210 3,474 3,497 3,466 3,604 3,831 3,703 
Nonprofit institutions exciuding FFRDCs......... 1,242 1,497 1,699 1,677 1,711 1,683 1,999 2.249 2.637 2.944 2.957 
FFRDCs administered by onprofit institutions .. . . 581 597 689 551 511 506 522 632 679 713 721 
State and local government.................. 186 131 129 128 148 142 167 214 215 275 286 
Dt. ted tn Se. bs tna bers eebedd ane 240 176 245 296 296 392 919 345 264 339 336 

enh a whéhs 1k004450000R4 6,260 7,067 7,819 8,153 8,942 9,474 10,602 11,286 12,171 13,254 14,184 
ET ee 1,690 1,861 1,923 2,019 2,046 2,050 2,371 2.366 2,447 2,705 2,893 
industrial firms excluding FFRDCs............. 293 378 380 512 467 597 773 888 950 1,041 1,104 
FFRDCs administered by industry ............. 83 91 123 118 120 133 167 175 209 221 228 
Universities and colleges excluding FFRDCs...... 3,112 3,531 4.039 4,132 4.666 4,868 5.221 5,548 6,065 6,603 7,070 
FFRDCs administered by universities........... 604 669 724 724 907 990 1,098 1,228 1,306 1,387 1,469 
Nonprofit institutions excluding FFRDCs......... 410 474 556 572 658 729 839 924 1,016 1,120 1,228 
FFRDCs administered by nonprofit institutions .... 8 8 12 13 13 18 42 59 81 70 79 
State and local government.................. 32 28 31 31 38 43 44 50 49 56 59 
6 154s a eS SKhb5d.6 bod0N TEER CASES 29 28 31 33 29 46 47 48 49 52 56 

cides b 6 oh e404 0400406 SRC RS 7,993 7,911 8.315 8,349 8,998 9,176 10,163 *2,453 11,798 12,941 13,715 
ee eee ee wed ihe’ bh Oe 3,020 2,904 3,133 3,142 3,392 3,288 3.611 3,587 4,093 4,451 4.948 
industrial firms excluding FFRDCs............. 1,821 1,760 1,694 1,769 1,982 2.046 2,102 2,312 2.457 2.762 2,955 
FFRDCs administered by industry ............. 440 405 363 365 314 322 353 367 416 468 451 
Universities and colleges excluding FFRDCs...... 1,356 1,499 1,688 1,751 1,975 2,155 2,572 2.593 2,803 3,022 3,183 
FFRDCs administered by universities........... 646 667 697 568 564 575 605 581 855 931 916 
Nonprofit institutions excluding FFRDCs......... 427 449 489 491 550 571 681 738 910 1,005 976 
FFRDCs administered by nonprofit institutions ... . 77 79 85 75 77 65 67 89 90 104 101 
State and local government.................. 105 60 59 60 53 60 78 76 80 107 94 
DT si es66G66408¥60080006000000 "0058 101 89 107 130 93 94 95 109 94 91 92 

NS Ki 6a 168040046040 KK0R REE EEOS 24,458 27,246 32,226 34,910 37,313 38,119 40.6406 41,929 37,327 44,172 41,855 
i  «<.64 os e06066 600640 060 6s 5,872 6.808 7,889 8,375 7,975 8,776 9,139 10,049 8,699 9,478 8,802 
industrial firms excluding FFRDCs............. 14,906 16,473 19,631 21,921 24,320 24,077 25.673 26,178 23,014 28,353 27,144 
FFRDCs administered by industry ............. 979 1,112 1,305 1,215 1,426 1,456 1,440 1,695 1444 1,488 1,464 
Universities and colleges excluding FFRDCs...... 499 517 614 675 697 805 879 1,001 1,301 1,673 1,511 
FFRDCs administered by universities........... 1,143 1,150 1,395 1,476 1,739 1,909 1,794 1,658 1,443 1,513 1,318 
Nonprofit institutions excluding FFRDCs......... 405 575 654 614 503 383 480 587 712 820 753 
FFRDCs administered by nonprofit institutions ... . 496 510 592 463 421 423 412 484 509 539 541 
State and local government.................. 49 43 40 37 58 39 46 88 86 112 133 
+3 055466669004.060085 0040040066800 110 59 107 134 173 251 777 188 121 196 189 

(continued) 
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Appendix table 4—12. 
Federal obligations for R&D, by character of work and performer: FYs 1983-93 


(page 2 of 2) 

1992 1993 

Character of work and performer 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est.) (est.) 

Millions of constant 1987 dollars? 

Total research and development.............. 44,496 46,452 51,283 52,948 55,253 54,796 56,752 56,492 52,479 58,591 56,711 
Federal intramural’........................ 12,163 12,731 13,728 13,939 13,413 13,625 13,975 14,199 13,046 13,851 13,531 
Industrial firms excluding FFRDCs............. 19,563 20,473 23,017 24,924 26,768 25,791 26,334 26,067 22,621 26,774 25,368 
FFRDCs administered by industry ............. 1,726 1,769 1,899 1,748 1,860 1,845 1,811 1,985 1,771 1,813 1,741 
Universities and colleges excluding FFRDCs...... 5,709 6,102 6,723 6,755 7,337 7,556 8,015 8,112 8,706 9,407 9,564 
FFRDCs administered by universities........... 2,752 2,735 2,986 2,851 3,210 3,353 3,232 3,075 3,086 3,190 3,011 
Nonprofit institutions excluding FFRDCs......... 1,427 1,647 1,802 1,727 1,711 1,625 1,848 1,996 2,258 2,451 2,404 
FFRDCs administered by nonprofit institutions ... . 668 657 731 567 511 488 482 561 581 594 586 
State and local government.................. 214 144 137 132 148 137 154 190 184 229 233 
DP Cti tice there enh en kh he ekaws 193 259 305 296 378 849 306 226 282 273 

CC ee re 7,196 7,775 8,291 8,397 8,942 9,145 9,799 10,014 10,420 11,036 11,532 
I on etneceevesesesces 1,942 2,047 2,040 2,079 2,046 1,979 2,191 2,099 2,095 2,252 2,352 
Industrial firms excluding FFRDCs............. 337 416 403 527 467 576 714 788 813 867 898 
FFRDCs administered by industry ............. 95 100 130 121 120 128 154 155 179 184 185 
Universities and colleges excluding FFRDCs...... 3,577 3,884 4,283 4,256 4,666 4,699 4,825 4,923 5,193 5,498 5,748 
FFRDCs administered by universities........... 694 736 768 746 907 956 1,015 1,090 1,118 1,155 1,194 
Nonprofit institutions excluding FFRDCs......... 471 521 589 589 658 704 775 820 870 933 998 
FFRDCs administered by nonprofit institutions ... . 9 9 13 13 13 17 39 52 69 58 64 
State and local government.................. 37 31 32 32 38 42 41 44 42 47 48 
| per ea at rer 33 30 33 34 29 44 43 43 42 43 46 

Ne 8s, i ee i cede se all 9,188 8,703 8,817 8,598 8,998 8,857 9,393 9,275 10,101 10,775 11,150 
re 3,472 3,194 3,322 3,235 3,392 3,174 3,337 3,183 3,504 3,706 4,023 
industrial firms excluding FFRDCs............. 2,093 1,936 1,796 1,822 1,982 1,975 1,943 2,051 2,104 2,300 2,402 
FFRDCs administered by industry ............. 505 446 385 375 314 311 326 326 356 390 367 
Universities and colleges excluding FFRDCs...... 1,558 1,649 1,790 1,804 1,975 2,080 2,377 2,301 2,400 2,516 2,588 
FFRDCs administered by universities........... 743 734 739 585 564 555 559 516 732 775 745 
Nonprofit institutions excluding FFRDCs......... 491 494 519 506 550 551 629 655 779 837 793 
FFRDCs administered by nonprofit institutions ... . 89 87 90 77 77 63 62 79 77 87 82 
State and local government.................. 120 66 62 62 53 58 72 67 68 89 76 
MPTP PTT TTPUTe CTT eT TT TT Tre 116 98 113 134 93 91 88 97 80 76 75 

ee re ere 28,113 29,974 34,174 35,953 37,313 36,794 37,560 37,204 31,958 36,779 34,028 
6s 6 kee kiens see eeeereeeds 6,749 7,489 8,366 8,625 7,975 8,471 8,446 8,917 7,448 7,892 7,156 
industrial firms excluding FFRDCs............. 17,133 18,122 20,818 22,576 24,320 23,240 23,727 23,228 19,704 23,608 22,068 
FFRDCs administered by industry ............. 1,125 1,223 1,384 1,251 1,426 1,405 1,331 1,504 1,236 1,239 1,190 
Universities and colleges excluding FFRDCs...... 573 569 651 695 697 777 812 888 1,114 1,393 1,228 
FFRDCs administered by universities........... 1,314 1,265 1,479 1,520 1,739 1,843 1,658 1,471 1,235 1,260 1,072 
Nonprofit institutions excluding FFRDCs......... 465 632 694 632 503 370 444 521 610 683 612 
FFRDCs administered by nonprofit institutions ... . 570 561 628 477 421 408 381 429 436 449 440 
State and local government.................. 57 47 42 39 58 38 43 78 74 93 108 
CC ttih ties tee deen eek ee ko 8 8 4 126 65 113 138 173 242 718 167 104 163 154 


FFRDC = federally funded research and development center 

‘Federal intramural activities cover costs associated with the planning and administration of intramural and extramural programs by federal personnel and actual intramural performance. 

2See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 

SOURCE: Science Resources Studies Division, National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1991, 1992, and 1993 (Washington, DC: NSF, 1993). 


wy) 4h, t4 Science & Engineering Indicators - 1993 


sejqe| xipueddy ‘y xipueddy 


* of 


Science & Engineering indicators-19938 2S... 


Appendix table 4-13. 
Federal R&D obligations for federal intramural performance, by selected agency: FYs 1980—93 
All 
All other 
agencies Defense Energy NASA HHS USDA Commerce interior agencies 
Millions of dollars 

Rr 7,632 3,796 474 965 820 457 226 242 653 
er 8,426 4,281 451 1,044 872 511 237 274 756 
eae 9,141 5,139 176 1,166 946 531 242 261 680 
arr 10,582 6,401 258 1,134 1,034 559 252 274 670 
0 eee 11,572 7,257 216 1,043 1,066 589 256 334 811 
I sh i ee ne 12,945 8,324 224 1,171 1,147 628 280 342 830 
i ae 13,535 8,881 206 1,217 1,236 630 285 332 749 
A ee 13,413 8,336 248 1,414 1,293 649 320 355 799 
ae 14,115 8,880 245 1,335 1,408 694 316 353 883 
ere 15,121 9,295 248 1,733 1,529 689 325 394 907 
Serer 16,003 9,639 307 1,968 1,662 737 336 424 929 
rer 15,238 8,157 381 2,112 1,975 824 400 490 900 
1992 (est.) ..... 16,635 8,791 498 2,362 2,245 885 426 526 902 
1993 (est.) ..... 16,643 8,277 567 2,646 2,361 899 477 482 935 


HHS = Department of Health and Human Services; NASA = National Aeronautics and Space Administration; USDA = Department of Agriculture 


NOTES: Intramural activities cover costs associated with the planning and administration of intramural and extramural R&D programs by federal personne! 
and actual intramural R&D performance. Data includes expenditures for activities performed by the reporting agency itself, and funds that the agency 
transfers to another federal agency for periormance of work as long as the ultimate performer is that agency or any federal agency. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Development, Detailed Historical 
Tables: Fiscal Years 1955-1990 (Washington, DC: NSF, 1990); and SRS, Federa/ Funds for Research and Development: Fiscal Years 1991, 1992, and 
1993 (Washington, DC: NSF, 1993). 
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Appendix table 4-14. 
Federal R&D obligations to federally funded research aid development centers, by administering 
sector and selected agency: FYs 1980-93 


All 
All other 
agencies Defense Energy NASA agencies 
Millions of dollars — 

FFRDCs administered by universities and colleges 
SI Pe ne ee ee 1,533 149 1,185 97 102 
eR eee er re 1,791 186 1,400 79 126 
I ce ra a as il ha a ae 1,977 226 1,439 183 129 
ER te ee ee 2,394 388 1,564 305 136 
SN 10k ai oa nds ahi eh ae ek 2,486 262 1,714 350 160 
Seer ee errs SS 2,816 306 1,848 512 150 
0 ee oer 2,768 285 1,797 542 143 
te ed ot a i eee 3,210 737 1,839 475 158 
tte hai ee a es ae 3,474 829 1,945 560 141 
0 Ee ee ee ree 3,497 686 2,033 630 148 
ee ae 3,466 658 2,020 619 168 
EE Se Pe er 3,604 637 2,072 736 159 
Se ene 3,831 645 2,233 773 181 
i a aii ia Nhl ln 3,703 558 2,203 750 193 

FFRDCs administered by industry 
rrr rere rT 1,408 92 1,166 0 150 
Ditivhesss £44cd%04 04060040 1,414 105 1,155 0 154 
FEST Tere rere Cee r 1,506 148 1,194 0 164 
CGE eee bea dy 0 <4neee denksee 1,501 129 1,218 0 154 
PESO Te Tere TT Terre 1,608 110 1,365 0 134 
ts <tteeekud ty eadhes 4aeke ae 1,791 125 1,549 0 117 
nh (ss vebies cenetndwegeeane’s 1,697 146 1,455 0 96 
PT. :te¢eeens chenceeenesea ees 1,860 325 1,475 0 61 
Gs 4:440466469040460900 00004044 1,911 316 \,536 0 60 
nh 6 69440060 300505 6045000064 1,960 309 1,588 0 63 
— PPT Trere re rere Cee 2,238 419 1,718 0 100 
Ste £50 9'0000444000 09200060008 2,068 316 1,690 0 62 
errs ree ye ee 2,178 313 1,788 0 77 
CA + i.cceneechanl eee wailed 2,142 305 1,759 0 78 
FFRDCs administered by nonprofit institutions 
PPT TTT eer ee 442 255 172 1 15 
Te eT Te Tere Tee Te 525 319 184 1 22 
c+tebesbenveddetaseeuseses 521 385 114 0 21 
 SAPPPSTTETECO TTT ee eee 581 466 92 0 22 
 SPPPPPVTEC TT Ter TT CTT Te 597 473 104 0 19 
RST Tee Ter ey Tee Teer ee 689 551 118 1 19 
OTT Tey Cre TT Teer ery 551 436 102 1 13 
Ss 465084004044 04040064600004 511 400 96 1 14 
— PPT eT eT TT Te rere rer ee 506 397 91 1 16 
PTT TE CTT eee eee eee 522 391 107 3 20 
0 errr rer ee eee er eee 632 416 157 2 57 
OT TT TT TT eT reer ee 67Y 442 186 2 49 
Es 713 449 208 2 55 
ee eee ee 721 447 216 2 56 


FFRDC = federally funded research and development center; NASA = National Aeronautics and Space Administration 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Development, 
Detailed Historical Tables: Fiscal Years 1955-1990 (Washington, DC: NSF, 1990); and SRS. Federa/ Funds for Research and Developmerit: 
Fiscal Years 1991, 1992, and 1993 (Washington, DC: NSF, 1993). 
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Appendix table 4-15. % 
Federal obligations for basic research, by science and engineering field: FYs 1980-93 & 
(page 1 of 2) 2 
Ro 
1992 1993 q 
Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est.) (est.) $ 
Millions of current dollars = 
Total, alifields.................. 4.674 5.041 5,482 6.260 7,067 7,819 8.153 8.944 9.474 10602 11.286 12,171 13.254 14,184 ad 
nn een 2054 2224 2526 2891 3.288 3,787 3859 4364 4502 4916 5178 5434 6145 6622 & 
Biological & agricultural, total....... 1.340 1,462 1.675 1,929 2.175 2,516 2.543 2.870 2.856 3,102 3.219 3,375 3,773 4.071 8 
Biological (excl. environmental) ... . 1.100 1.202 1,401 1,622 1.836 2.106 2.152 2,462 2,415 2,647 2.742 2,868 3.214 3.476 a 
Environmental biology ........... 86 83 83 93 121 126 126 141 147 157 168 187 206 222 . 
aa ain't tg 6 154 177 190 214 218 284 266 268 294 298 309 319 353 373 © 
Medical sciences. total............ 657 706 793 879 1,015 1.145 1,197 1,343 1,573 1.708 1,850 1,858 2.145 2.299 & 
Other life sciences............... 58 55 58 84 98 126 119 151 73 104 109 201 227 252 
ee 84 91 90 93 108 133 133 147 188 187 215 226 249 265 
Physical sciences................ 1,221 1,325 1,394 1,587 1,728 1,815 1.914 2,096 2.200 2,506 2.662 2,881 3,063 3,249 
ha ee eed ke 279 274 271 355 380 401 453 505 459 525 580 612 698 782 
EE ee 257 298 312 362 403 425 433 445 471 505 502 539 581 629 
SR Sie eek uke b gee es 668 735 791 855 921 960 1,003 1,072 1,206 1,395 1,474 1.645 1,663 1,709 
Other physical sciences. .......... 16 17 20 15 24 30 25 74 65 82 105 85 121 128 
Environmental sciences. ........... 522 533 520 580 657 700 749 781 873 1,017 1,275 1,264 1,387 1,510 
Atmospheric science............. 179 174 163 173 192 209 240 244 281 316 444 449 514 578 
EE er ee 198 194 178 178 198 250 266 266 267 335 440 499 535 556 
es ont oss 6 out 131 143 155 196 220 219 224 250 269 294 300 198 211 237 
Other environmental sciences....... 14 22 25 34 46 21 19 21 55 72 92 118 126 140 
Mathematics & computer sciences ... . 116 140 165 208 241 260 293 306 313 346 407 426 513 563 
RS CS a 67 79 91 101 114 130 142 158 165 168 176 164 203 215 
Computer sciences.............. 46 52 67 90 105 116 131 129 125 160 225 224 275 313 
Other math & computer sciences... . . 3 9 7 17 22 14 20 20 22 18 5 38 36 35 
i ete ee ce eee eke 147 137 120 138 133 141 114 130 147 155 146 161 161 172 
PE ¢.shebeitoueeseeee 14 13 13 11 17 16 11 12 12 12 13 13 13 15 
ES SE Se a 40 34 39 41 30 34 26 29 35 38 37 37 40 40 
Patios eclenee ............. wn 7 6 4 5 4 6 4 6 5 5 6 7 7 8 
Serre ere 25 23 19 33 34 32 30 34 37 38 24 28 29 31 
Other social sciences ............ 60 61 45 48 48 52 42 48 58 61 66 76 72 80 
ee 64 65 56 73 69 100 122 131 255 292 302 546 339 373 
Se eee eee 465 526 611 690 845 884 969 990 1,006 1,184 1,102 1,234 1,397 1,431 
Ee 104 113 127 141 226 192 226 237 231 328 270 256 284 315 
Ee 27 33 45 50 52 42 53 49 48 59 62 70 75 83 
eee 26 31 35 50 56 74 73 78 89 50 76 102 112 105 
ree 22 23 32 32 42 44 45 46 46 52 47 59 61 63 
citi eee eee k's 71 79 94 96 130 145 156 175 154 174 147 142 169 180 
Tie ene reek ae ae 42 47 53 61 64 88 84 87 84 101 91 116 134 149 
Metallurgy & materials............ 121 139 156 183 187 212 229 210 230 255 260 295 304 330 
Other engineering. .............. 52 61 69 76 88 88 103 108 124 166 148 194 257 206 r 
(continued) | e 


Appendix table 4-15. 
Federal obligations for basic research, by science and engineering field: FYs 1980-93 


(page 2 of 2) 
1992 1993 
Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est.) (est.) 
Millions of constant 1987 dollars’ 
Total, alifields.................. 6,621 6.480 6,557 7,196 7,775 8,291 8.397 8.944 9.145 9799 10014 10420 11,036 11.532 
Ee 2.910 2,858 3,022 3,323 3,617 4.015 3,974 4.364 4.346 4,543 4.594 4652 5.117 5,383 
Biological & agricultural, total....... 1,897 1,880 2,003 2.217 2.392 2,668 2.619 2.870 2.757 2.867 2.856 2.889 3,142 3,310 
Biological (excl. environmental) ... . 1,558 1,545 1,676 1,864 2,020 2,234 2.216 2.462 2.331 2.446 2.433 2.456 2.676 2.826 
Environmental biology........... 122 107 100 107 133 133 129 141 142 145 149 160 172 181 
re 217 228 228 246 240 301 274 268 284 275 274 273 294 303 
Medical sciences, total............ 931 908 949 1,010 1,117 1,215 1,232 1,343 1,518 1,579 1.642 1,591 1,786 1,869 
Other life sciences............... 82 71 69 96 107 133 123 151 70 96 97 172 189 205 
et iil a 6 0 bi ek ee ho 8 119 117 108 107 119 141 137 147 181 173 191 193 207 215 
Poppies) ecienoes ................. 1,729 1,703 1,667 1,824 1,901 1,925 1,972 2.096 2,124 2.316 2.362 2.467 2.550 2.641 
i ad On nie ode a 4 396 352 324 407 418 425 467 505 443 485 515 524 582 636 
EN a eo eee we a 364 383 373 416 444 451 446 445 455 467 445 461 484 512 
eh i a a oka bk 6 ee 946 945 946 983 1,014 1,018 1.033 1,072 1,164 1,289 1,308 1,408 1.384 1,389 
Other physical sciences. .......... 23 22 24 18 26 31 25 74 63 76 93 73 101 104 
Environmental sciences. ........... 740 685 622 667 722 742 771 781 843 940 1,131 1,082 1.155 1,228 
Atmospheric science............. 254 223 195 198 211 222 248 244 271 292 394 384 428 470 
Oe 281 250 212 205 218 265 273 266 258 310 390 427 446 452 
Pee 185 184 185 225 242 233 231 250 260 272 266 169 176 192 
Other environmental sciences....... 20 28 30 39 51 22 19 21 53 67 82 101 105 114 
Mathematics & computer sciences ... . 165 180 197 239 265 276 302 306 302 320 361 365 427 458 
A 95 102 109 116 125 138 147 158 159 155 156 141 169 175 
Computer sciences.............. 65 67 81 104 115 123 135 129 121 148 200 191 229 254 
Other math & computer sciences... . . 5 12 8 19 24 14 20 20 21 17 4 33 30 29 
GE 208 176 144 158 146 149 117 130 142 143 130 138 134 140 
EE <b aN TSK e eee ee eens’ 20 17 16 13 18 17 12 12 12 11 12 11 1 12 
Pe .4% weed oe eee eae Ot 57 44 47 47 33 36 27 29 34 35 33 32 33 32 
Political science ............ ans 10 8 5 5 5 6 4 6 5 5 5 6 6 6 
Ee ee ee 36 29 22 38 37 34 31 34 36 35 21 24 24 25 
Other social sciences ............ 85 78 54 55 53 56 43 48 56 56 59 65 60 65 
ee 91 84 67 84 76 106 126 131 246 270 268 467 282 303 
Lh 6 eRe ONE Ow o-08 659 676 730 793 930 938 997 990 971 1,094 978 1,056 1,163 1,163 
EER a ee re 148 146 151 162 248 203 233 237 223 303 240 219 236 256 
Astronautical............ er 39 43 54 58 58 44 54 49 46 55 55 60 63 67 
rer Leouwaur 37 40 42 58 61 79 75 78 86 46 67 87 93 85 
A er 31 30 38 37 46 46 47 46 44 48 42 51 51 51 
eee eee 100 101 112 110 143 154 161 175 149 161 130 122 141 146 
ES Be 6 ne 6 eee ee 60 61 64 70 71 94 86 87 81 93 81 au 112 121 
Metallurgy & materials............ 172 178 186 210 206 225 235 210 222 236 231 252 254 269 
Other engineering. .............. 73 78 83 88 97 94 106 108 120 153 131 166 214 168 


‘See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federal Funds for Research and Development. Detailed Historical Tables: Fiscal Years 1955-1990 (Washington, DC: NSF, 1990); and 


SRS. Federal Funds for Research and Development: Fiscal Years 1991, 1992, and 1993 (Washington, DC: NSF, 1993). 
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Appendix table 4—16. % 
Federal obligations for applied research, by science and engineering field: FYs 1980-93 z 
(page 1 of 2) 8 
Q 
1992 1993 m 
Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est) (est) S 
Millions of current dollars & 
ak ie cet ene Oka eee 6.923 7,172 7,541 7,993 7,911 8315 8349 8999 9176 10,163 10453 11.798 12941 13.715 é 
a es bd ene ae as 2,138 2,212 2220 2287 2348 #2576 2606 2980 3.223 3.579 3660 4188 4443 4717 a 
Biological & agricultural, total............. 1,168 1,249 1,137 1,136 1,150 1.240 1,318 1,488 1.718 1917 1967 2,223 2310 2,344 & 
Biological (excl. environmental).......... 731 795 678 684 727 779 842 1,041 1,267 1.336 1403 1543 1,602 1.649 S$ 
Environmental biology................. 144 137 100 101 129 135 138 149 154 210 174 273 291 287 | 
nck cekackeanne eens 294 «317, 359s 294 326 (i338 2992897 371 391 407 418 408 2 
Medical sciences, total................. 880 904 980 1,049 1,098 1.223. 1,164 1.324 1.368 1.514 1.533 1603 1,739 1,782 “= 
ne keke token ns aed 90 59 103 102 100 113 123 168 137 148 160 363 395 591 
i ee 115 118 129 148 159 194 201 222 212 235 234 257 272 306 
eee eee eee dae 780 896 1,107 1,304 1,241 1,231 1.155 1,157 1,118 1,199 1,147 1,354 1,471 1,541 
ins nin ene bee thedaewh en 6 7 5 3 3 14 15 18 12 17 17 19 9 10 
NN Bee ek a 6 bm eal eee ee 198 189 169 158 203 225 229 235 232 278 260 290 329 321 
ee he eek Cue de ek 514 610 820 1,000 915 856 803 781 770 795 781 816 921 977 
Other physical sciences ................ 62 90 113 144 120 135 108 122 103 108 90 229 213 233 
Environmental sciences ................. 739 588 628 671 619 704 733 731 734 756 899 886 973 993 
Atmospheric science .................. 231 200 263 288 242 277 281 309 307 272 330 354 363 387 
hee te ee ede eed a ee hae 203 202 180 155 161 179 178 176 174 208 221 230 253 239 
ie sk ee wae he ke aaah 131 118 107 148 143 179 205 178 191 198 220 201 218 239 
Other environmental sciences............ 173 68 79 80 73 69 68 68 62 78 128 102 140 128 
Mathematics & computer sciences.......... 125 139 185 211 200 315 322 334 330 390 434 478 641 649 
eis ie eek Seb ERE OS 24 39 37 33 37 53 42 46 52 68 65 63 67 79 
ee ee 82 69 104 124 110 164 171 169 167 205 337 361 504 499 
Other math & computer sciences.......... 18 31 44 55 53 97 109 119 110 116 32 53 70 72 
ee ro Pere 377 361 266 298 304 319 302 351 339 396 484 566 629 546 
he ccs dbs bat eeebadedecess 3 2 2 2 2 2 2 3 2 2 2 3 4 4 
hs «sik 400 sees ekeneneent 153 173 118 125 118 125 105 120 125 129 160 150 157 149 
i «+ 64.60 44.000 e00e09n 605 5 5 3 7 7 9 8 6 7 8 7 10 12 10 
DE cs iv as deew wks een errr Tee 46 42 33 35 36 34 37 40 45 56 92 156 163 138 
Other social sciences............. 170 140 110 130 141 149 150 183 160 202 223 247 294 245 
<4 4's na Ce eededéeu ees 286 314 231 247 262 242 261 307 271 350 362 358 421 459 
Cs ds (5 beta aee wae eeeeaween 2.365 2545 2.776 2828 2.779 2.733 2770 2917 12,950 3.258 3234 3,711 4.091 4,504 
Aeronautical ...... TTT T TT OTT TT 604 596 615 680 635 547 549 573 571 659 658 760 883 1,053 
Astronautical....... eee rT? 275 271 246 271 344 383 474 576 527 619 519 583 584 689 
Chemicail........ (iu oad uae Soke 70 116 60 95 89 180 173 138 169 92 166 203 238 204 
Ee eee Pe 137 136 170 156 161 173 158 159 169 178 270 246 291 325 
Glecwiew)....... £60 edbebcaned ea ces 447 478 519 519 500 482 518 611 577 669 493 587 590 658 
Ass 6 46d 8 ROWS ie ek a 166 157 148 206 126 179 153 146 157 157 177 220 208 246 
Metallurgy & materials ..... PeTery 115 118 153 150 154 227 217 152 227 266 294 415 448 363 e 
Other engineering ....... eiwens i 552 673 866 751 770 563 529 562 553 619 657 696 847 968 g 


2 4 4 (continued) 


Appendix table 4-16. g 
Federal obligations for applied research, by science and engineering field: FYs 1980-93 


(page 2 of 2) ° 
1992 1993 
Field 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 (est.} (est) 
Miilions of constant 1987 dollars’ 
i cg oe lk ie 9.806 9.218 9.020 9.188 8.703 8.817 8.598 8.999 8.857 9.393 9275 10.101 10.776 11,150 
OV, i i i i ss a 3,028 2.843 2655 2628 2583 2732 2683 2,980 3,111 3.308 3248 3586 3.700 3.835 
Biolog'ca! & agricultural, total............. 1.655 1,606 1,360 1,305 1,265 1.315 1,358 1.488 1.658 1,772 1.745 1.903 1,923 1,905 
Biologica! (excl. environmental).......... 1,035 1,022 811 786 800 826 867 1,041 1.223 1.235 1.245 1.321 1.333 1.341 
Environmental biology................. 203 176 120 116 142 143 142 149 149 194 154 234 242 233 
lr es ing ead Go gaa ececes 416 408 429 403 323 345 348 299 287 343 347 348 348 332 
Medical sciences, total................. 1,246 1.162 1.172 1.205 1.207 1,297 1,199 1,324 1.320 1,399 1.360 1.372 1.448 1.449 
eee 127 75 123 118 110 120 127 168 132 137 142 311 329 481 
eae a ee ee ee ew a 163 152 154 170 175 206 207 222 205 217 208 220 227 249 
ER 1,105 1,151 1.324 1,499 1.365 1,305 1,189 1,157 1,079 1,108 1,018 1,159 1.225 1.253 
RS eee hak Were ie ee aa g 9 6 3 3 15 16 18 12 16 15 17 7 8 
RO ee ey ey ree 280 243 202 182 223 239 236 235 224 257 231 248 274 261 
IGA wisthieaites ... +4 chee aaa be & 729 784 981 1.149 1,007 908 827 781 743 735 693 699 767 794 
Other physicaisciences ............. 88 116 135 165 132 143 111 122 99 100 80 196 177 190 
Environmental sciences ................. 1,046 756 752 771 681 747 754 731 708 699 798 759 810 807 
Atmospheric science .................. 326 257 314 331 266 294 289 309 296 251 293 303 302 315 
GS hee ie ees peeled nus eek 288 260 215 178 177 190 184 176 168 192 196 197 210 194 
ES 186 152 128 170 158 190 212 178 184 183 195 172 181 195 
Other environmental sciences............ 245 88 94 92 80 73 70 es 60 72 114 87 116 104 
Mathematics & computer sciences.......... 177 178 221 243 219 334 332 334 319 360 385 409 533 528 
ee sd 56a 6 kes be 6 08s 86s 34 50 45 37 41 57 43 46 50 63 58 54 56 64 
Computer sciences.................... 117 89 124 143 121 174 176 169 161 189 299 309 419 406 
Other math & computer sciences.......... 26 39 53 63 58 103 112 119 106 107 28 45 58 58 
EE . 6 564-45 une tadtaeeue oes 533 463 318 342 334 339 311 351 327 366 429 485 524 444 
hs). .ebbhedektesnbaae Obata 4 2 2 2 2 2 2 3 2 2 2 3 3 3 
As Seceeeede Geewe Dey. ee 216 222 141 143 129 133 108 120 121 119 142 129 131 121 
OM, 624 peghwes pewk ks dae 7 6 4 8 7 9 8 6 7 7 6 9 10 8 
Mss chee kees ene au wee bb8 6% 65 54 40 40 40 36 38 40 43 52 82 133 136 112 
Other social sciences.................. 241 179 131 149 156 158 155 183 154 187 198 211 244 199 
ER ee ra 405 403 276 284 288 257 269 307 262 323 321 306 351 373 
nr: . 6/oieeeseesbeebesaees 3,350 3.272 3,321 3.250 3,057 2899 2853 2,917 2.847 3,011 2870 3.177 3406 3,662 
i. ci ee ses eee keenesb cess 856 766 735 781 698 580 566 573 551 609 584 651 735 856 
s+ tones ebebekiiab’ eeeeels 390 348 294 312 379 406 489 576 509 572 461 500 486 560 
ee es oe 99 149 72 109 98 191 178 138 163 85 147 173 198 166 
ee ee ee 194 175 203 179 177 183 163 159 163 165 240 210 242 264 
DSi dct tieeeetebweesdereees 633 615 620 597 550 511 534 611 557 618 437 503 492 535 
ES tie a Ge Cae cine Re dis ide 235 202 177 236 139 190 158 146 152 145 157 188 173 200 
Metallurgy & materials ................. 163 151 183 172 169 241 223 152 219 246 261 356 373 295 
Other engineering ...... 2.0.00. a, 781 866 1,036 864 847 597 544 562 534 572 583 596 705 787 


‘See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars 


SOURCES Science Resources Studies Division (SRS), National Science Foundation, Federa/ Funds for Research and Develoment, Detailed Historical Tables Fiscal Years 1955-1990 (Washington, DC: NSF. 1990). and 
SRS. Federal Funds tor Research and Development: Fiscal Years 1991. 1992. and 1993 (Washington. DC: NSF, 1993) 


See figure 4-15 Science & Engineering indicators - 1993 
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Appendix table 4—17. 


Federal obligations for basic and applied research, by agency and field of science and engineering: FY 1991 


Math & 
Life Physical Environmental computer Social Other 
Total Psycho! a 
Thousands of dollars 

Votel, a agemoies ............--.------- 23,968,377 9,621,981 482,400 4,235,336 2,149,783 903,705 903,411 727.290 4,944.471 
Dept. of Agriculture ...................... 1,175,465 914,171 323 80,439 15,680 13,358 0 107,967 43,527 
is i hala mahi aie 449,706 68,242 838 69,000 184,865 28,344 20,805 12,050 65,562 
ee cn eh eet bheke been eeee 3,717,908 304,812 97,328 574,706 262,666 380,536 157,243 2,598 1,938,019 
hs <6 cekhneeekdee nee seans 131,666 16,883 4,961 0 0 1,804 0 102,606 5,412 
CF Ee er ee 3,273,630 285,359 0 1,837,775 238,469 142,703 45,721 0 723,603 
Dept. of Health & Human Services............ 8,162,487 6,805,987 344,105 142,276 0 18,225 456,683 318,881 76,330 
Dept. of Housing & Urban Development... .... . 9,391 0 0 0 187 199 2,292 6,578 135 
i <i. oes che heed ese eeees 553,396 100,879 0 35,677 300,081 15,031 55 4,211 97,462 
ee etch eeneeestinbedeads 21,075 442 863 0 0 1,050 2,891 14,529 1,300 
ea ocn eeben sececenaes 24,327 0 0 0 0 0 0 24,327 0 
SE EE ee 5,854 0 0 0 0 0 0 5,854 0 
Dept. of Transportation.................... 114,624 4,160 2,658 2,788 2,421 16,327 719 6,619 78,932 
iT Cs 2. cceeecceeseesecees 24,136 140 266 3,219 0 11,178 0 9,333 0 
Dapt. of Veterans Affairs................... 193,800 177,092 16,544 0 0 0 0 0 164 
Advisory Com. on intergov. Relations ......... 1,663 0 0 0 0 0 0 1,663 0 
Agency for international Development......... 357,371 304,539 0 0 0 4,112 23,472 24,342 906 
Appalachian Regional Commission........... 742 0 0 0 0 0 0 742 0 
Consumer Product Safety Commission ........ 883 0 0 178 0 0 0 0 705 
Environmental Protection Agency ............ 332,139 156,122 1,235 52,119 76,420 4,480 1,841 0 60,922 
Federal Communications Commission......... 1,442 0 0 0 0 75 0 439 928 
Federal Trade Commission................. 957 0 0 0 0 0 0 957 0 
internationa! Trade Commission ............. 9,885 0 0 0 0 0 0 9,885 0 
i n+ cceeekn dnd 6eeeedeee 1,704 0 0 0 0 0 1,704 0 0 
Naticnal Aeronautics & Space Admin.......... 3,371,162 174,544 11,366 939,726 667,739 79,932 19,779 126 1,477,950 
Nationa! Archives & Records Admin........... 611 0 0 541 0 70 0 0 0 
National Science Foundation................ 1,785,223 269,308 1,913 467,150 393,317 186,281 164,219 40,366 262,669 
Nuclear Regulatory Commission............. 108,800 0 0 0 0 0 0 0 108,800 
Smithsonian Institution .................... 97,999 35,484 0 22,786 7,188 0 0 32,541 0 
Tennessee Valley Authority................. 18,841 3,817 0 6,956 750 0 5,987 481 850 
U.S. Control & Disarmament Agency... .. . 390 0 0 0 0 0 0 195 195 
United States information Agency............ 100 0 0 0 0 0 0 0 100 


SOURCE: Scence Resources Studies Division, National Science Foundation, Federal Funds for Research and Development: Fiscal Years 1991, 1992, and 1993 (Washington, DC: NSF, 1993). 
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Appendix table 4-18. 
Department of Defense military outlays, by subfunction: 1970-94 


Distribution by subfunction 


DOD outlays’ Personnel O&M Procurement RDT&E Construction Housing 
Percent 
Poe 81,173 35.8 26.6 26.6 8.8 1.4 0.8 
Ee 77,874 37.3 26.9 24.2 9.4 1.4 0.8 
arr 78,054 37.9 27.8 21.9 10.1 1.4 0.9 
eee 76,501 38.9 27.5 20.5 10.7 1.5 1.0 
ee 79,001 38.5 28.5 19.3 10.9 1.8 1.1 
ee 85,953 37.4 30.6 18.7 10.3 1.7 1.3 
a gn 88,481 36.8 31.5 18.0 10.1 2.3 1.3 
ERS 95,504 35.3 32.0 19.0 10.3 2.0 1.4 | 
ae 102,954 34.5 32.6 19.4 10.2 1.9 1.4 
ae 113,893 32.8 32.0 22.3 9.8 1.8 1.3 
seer 131,963 31.0 33.9 22.0 9.9 1.9 1.3 
are 154,474 31.0 33.6 22.8 9.9 1.6 1.1 
ae 180,780 30.5 33.0 23.9 9.8 1.6 11 
are 205,646 29.6 31.6 26.1 10.0 1.7 1.9 
ear 222,661 28.8 30.3 27.8 10.4 1.7 1.1 
ar 244,599 27.7 29.6 28.8 11.1 1.7 1.1 
Ss sane o 263,485 27.1 28.6 29.0 12.3 1.9 1.1 
ee 271,326 26.5 28.1 29.8 12.4 22 1.1 
ivieenes 281,726 27.1 30.0 27.4 12.3 2.1 1.1 
er 294,831 27.4 29.5 27.7 12.6 18 1.1 
a eer 290,973 26.0 30.4 278 12.9 1.7 1.2 
Fee, 308,618 27.0 33.0 26.6 11.2 1.1 1.1 
saree 290,259 28.0 31.7 25.8 11.9 1.5 1.1 
Seer 281,692 27.0 32.3 24.3 13.3 1.9 1.2 
1994........ 268,624 26.1 33.2 23.1 14.2 2.0 1.4 


DOD = Department of Defense; O&M = operations and maintenance; RDT&E = research, development, test, and evaluation 


NOTES: Outlays exclude expenditures by the Army Corps of Engineers. Total DOD outlays and subfunction shares include only the categories listed here; they 
exclude adjustments reported in an undefined “other” category. 


‘DOD outlays are in millions of current dollars. 
SOURCE: Office of Management and Budget, Budget of the United States Government (Washington, DC: Government Printing Office, annual series). 
See figure 4-18. Science & Engineering Indicators — 1993 
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Appendix table 4-19. 
Department of Defense funds for research, development, test, and evaluation, by mission category: FYs 1972-94 


DOD Advanced Defensewide 
RDT&E Technology technology Strategic Tactical intelligence & mission 
total base development programs programs communications support 
Millions of dollars 
Pere 7,945 1,462 238 1,581 3,019 493 1,152 
en in eat k ea 8,001 1,376 160 1.896 2,936 528 1,104 
ae tee aa ak 8,009 1,353 200 1,882 2,811 665 1,097 
SS ee 8,572 1,371 300 2,143 2,923 643 1,192 
RSPR er mere 9,212 1,487 557 2,222 2,895 887 1,164 
ear eer: 10,522 1,682 537 2,333 3,848 830 1,293 
I oa bles ee eee 11,117 1,799 502 2,329 4.644 559 1,284 
aos rans ait as 12,210 2,010 525 2,139 5,088 759 1,689 
SG th ks ke oak Oi 13,345 2,265 604 2,165 5,233 1,152 1,926 
a co « hee e hg a 16,472 2,600 593 3,440 6,130 1,632 2,077 
ain 2 odes We 19.897 2,933 751 4,636 6,890 2.160 2,527 
eres 22.647 3,238 823 5.825 7,255 2,709 2,797 
ae 26,601 3,055 1,352 7,878 7,929 3,406 2.981 
ee seals 30,870 3,121 2,751 8,169 9.062 3,953 3,814 
Se 33,676 3,232 4.067 7,509 10,266 4,525 4,077 
i ee 6 ae ad 35,942 3,237 5.032 7,703 11,032 4,702 4,236 
rrr 37.027 3,310 5,356 7,227 11,998 4.885 4,251 
sc waite a 37,506 3,506 5,837 6,428 12,989 4512 4,234 
a ci naweee 64% 36,632 3,345 5,833 5.192 13,237 4,791 4.234 
ere 34,871 3,886 5,298 4,375 12,611 4,471 4,230 
RP ee 38,118 4,105 6,314 4,240 14,313 4,921 4,225 
a oad «48 id 38,176 4,920 4,053 6,345 14,131 4,702 4,025 
ee a 38,620 4,376 3,607 4,776 15,904 5,113 4.844 
Percentage of total 
Se 100.0 18.4 3.0 19.9 38.0 6.2 14.5 
A 100.0 17.2 2.0 23.7 36.7 6.6 13.8 
ke 6il-b a 6 eee 100.0 16.9 2.5 23.5 35.1 8.3 13.7 
ee 100.0 16.0 3.5 25.0 34.1 7.5 13.9 
See 100.0 16.1 6.0 24.1 31.4 9.6 12.6 
ae pew 100.0 16.0 5.1 22.2 36.6 7.9 12.3 
els a aig ip att 100.0 16.2 45 20.9 418 5.0 11.5 
ae 100.0 16.5 43 17.5 41.7 6.2 13.8 
0 100.0 17.0 45 16.2 39.2 8.6 14.4 
a 100.0 15.8 3.6 20.9 37.2 9.9 12.6 
a ee : 100.0 14.7 3.8 23.3 34.6 10.9 12.7 
Sees . 100.0 14.3 3.6 25.7 32.0 12.0 12.4 
ar in cee 100.0 11.5 5.1 29.6 29.8 12.8 11.2 
a ee 100.0 10.1 8.9 26.5 29.4 12.8 12.4 
er eee 100.0 96 12.1 22.3 30.5 13.4 12.1 
reer se 100.0 9.0 140 21.4 30.7 13.1 11.8 
Pree 100.0 8.9 14.5 19.5 32.4 13.2 11.5 
ree a 100.0 93 15.6 17.1 34.6 42.0 11.3 
I eee 100.0 9.1 15.9 14.2 36.1 13.1 11.6 
1991. . : ieee 100.0 11.1 16.2 12.5 36.2 12.8 12.1 
Ee 100.0 10.8 16.6 11.1 37.5 12.9 11.1 
100.0 12.9 10.6 16.6 37.0 12.3 10.5 
1994..... ,; 100.0 11.3 9.3 12.4 41.2 13.2 12.5 


DOD = Department of Defense RDT&E = research, development, test. and evaluation 
NOTE. Data are DOD's total obligational authority 


SOURCES. Science Resources Studies Division. National Science Foundation. Federal R&D Funding by Budget Function (Washington, DC: NSF. annual series): and 
DOD. RDT&E Programs (R-1) (Washington. DC: DOD, annual series) 
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Appendix table 4—20. 
Federal funding of academic research, by mode of support and selected 
civilian agency: FYs 1980, 1983, 1986, and 1989 


Agency 1980 1983 1986 1989 
Millions of dollars 
Six civilian agencies............. 3,579 4,156 5,503 7,261 
Individual investigators ........... 2,003 2,384 3,030 3,677 
RE SE SRR ee 968 1,018 1,465 2,218 
Research centers ............... 482 575 705 920 
bac ceceseteexvese 126 179 291 438 
ee eae ks seas 0 0 12 9 
National Institutes of Health......... 2,061 2,437 3,327 4,445 
Individual investigators ........... 1,100 1,395 1,774 2,171 
Researchteams................ 681 738 1,154 1,752 
Research centers ............... 273 299 386 484 
Major faciliies.................. 7 5 13 38 
National Science Foundation........ 719 880 1,163 1,438 
Individual investigators ........... 512 610 768 885 
Ne a ee oe bee 68 84 123 164 
Research centers ............... 21 25 51 112 
Ps bcc ab nen eed ueeas 119 162 221 277 
Department of Energy............. 337 321 422 560 
Individual investigators ........... 137 131 192 230 
| 160 125 109 168 
Research centers ............... 41 65 78 91 
ee 0 0 43 72 
National Aeronautics & Space Admin.’ . 173 189 244 404 
Individual investigators ........... 115 118 143 216 
Research teams ................ 57 69 77 133 
Research centers ............... 0 0 7 27 
eS 1 2 5 19 
EE ds bcc aeheadechen 0 0 12 9 
Department of Agriculture .......... 225 282 281 356 
Individual investigators ........... 75 90 91 129 
as ds op hie Oe Wika’ 3 3 2 2 
Research centers ............... 147 180 179 193 
es eee 0 10 9 32 
Environmental Protection Agency.... . 64 45 65 59 
Individual investigators ........... 64 40 62 47 
re 0 0 0 0 
ED «<s ciecetdeeeaes 0 5 4 12 
ee eee ee 0 0 0 0 


‘Totals for 1980 are 1981 data. 


SOURCE: Office of Science and Technology Policy, Trends in the Structure of Federal Science Suport 
report of the Federal Coordinating Council for Science, Engineering, and Technology (Washington, DC: 
Government Printing Office, 1992) 


See figures 4—16 and 5-5 Science & Engineering Indicators - 1993 
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Appendix table 4-21. 
Federal budget authority proposed for FCCSET research initiatives, by agency and research theme: FY 1994 


Advanced High-performance Advanced Science, math, 

manufacturing computing & U.S. global materials & engineering. & 

Agency technology communications change processing Biotechnology tech. ed. 
Millions of dollars 

Total, allagencies.................. 1,385 1,000 1,476 2.061 4,298 2,334 
ee. Ge IMD... . ee ees 50 0 48 46 191 24 
eee 141 14 70 57 14 6 
ES 596 385 7 422 94 539 | 
LS so 5s Ws wn .n 00 bees e 0 2 0 0 0 356 
i ie ed 367 124 98 946 245 128 
Dept. of Health & Human Services ....... 0 47 2 93 3,369 464 
Dept. of the Interior .................. 64 0 34 22 6 90 
Dept. of Transportation ............... 0 0 0 13 0 0 
Dept. of Veterans Affairs .............. 0 0 0 0 72 0 
Agency for International Development’... . . 0 0 0 0 31 0 
Environmental Protection Agency........ 1 12 27 4 20 10 
National Aeronautics & Space Admin ..... 36 111 1,013 131 40 84 
National Science Foundation ........... 130 305 170 328 216 622 
Smithsonian Institution’ ............... 0 0 7 0 0 10 


FCCSET = Federal Coordinating Council for Science, Engineering. and Technology 
‘The Agency for International Development and the Smithsonian Institution are not members of the full FCCSET 


NOTE: Funding estimates are proposals included in the President's FY 1994 budget. Precise comparisons between FCCSET initiatives and the federa! R&D support 
totals are difficult because the definitions for the two sets of data are not necessarily identical and there may be some double counting for closely related activities that 
are included in more than one initiative. 


SOURCE: Office of Management and Budget. FCCSET initiatives in the FY 1994 Budget (Washington, DC: April 8, 1993) 
See figure 4—17 Science & Engineeiing indicators - 1993 


Appendix table 4-22. 
Annual aggregate data on independent research and development: FYs 1976-92 


¢ O9€ 


Independent research and development DOD and NASA IR&D as a percentage of 
Accepted by Government IR&D program en DOD and R&D obligations DOD and NASA DOD and NASA 
Incurred Total DOD NASA Not under IR&D NASA !IR&D Total to R&D total: R&D performed by industry” 
by industry accepted share share reimbursed program reimbursement Total industry’ (a) (b) 
Millions of current dollars Percent 
ES 1,388 1.061 544 41 476 327 585 13,102 8.143 45 7.2 
aera 1,560 1,199 598 46 555 361 644 14.134 9.109 46 7.1 
a 1,788 1,365 643 49 673 423 692 14.887 9.458 46 7.3 
2.104 1,517 708 54 755 587 762 16,084 10.079 47 76 
Ry 2.373 1,728 812 57 859 645 869 17,215 11,038 5.0 7.9 
Ln te alg 2.796 2.039 1,056 66 917 757 1,122 20.102 13,028 5.6 8.6 
eer 3,654 2.821 1,338 67 1,416 833 1,405 23.701 15,375 5.9 9.1 
ee 4.017 2.961 1,601 78 1,282 1,056 1,679 25.654 15,700 6.5 10.7 
ae 5.173 3,897 1,884 86 1,927 1,276 1,970 28,195 17,340 7.0 11.4 
PP 5,036 3,500 2.099 88 1.313 1,536 2.187 33,119 20,645 6.6 10.6 
Sr 5.042 3,537 2,198 77 1.262 1,505 2.275 36,358 23,232 6.3 98 
ae 4.885 3,544 2,186 67 1,291 1.341 2.253 39,019 25,721 5.8 8.8 
See 4.825 3,694 2,181 89 1.424 1,131 2.270 39.746 25,572 5.7 8.9 
AE 4.866 3,798 2,233 110 1,455 1,068 2,331 42.970 27.469 5.4 8.5 
eS . - bio oe 4.910 3,766 2,158 131 1,477 1,144 2,331 43,801 28,147 5.3 8.3 
Pe 5,099 4.327 2.203 133 1.991 772 2,331 39.415 24,701 5.9 9.4 
ee 4,798 4.173 2,133 147 1,893 625 2.331 46.170 30,133 5.0 7.7 
Millions of constant 1987 dollars® 
2,711 2.072 1,063 80 930 639 1,143 25,589 15,904 
ere 2,816 2.164 1,079 83 1,002 652 1,162 25,513 16,442 
PR 3,000 2,290 1,079 82 1,129 710 1,161 24,978 15,870 
SS 3.252 2,345 1.094 83 1,167 907 1,178 24.860 15,579 
eer 2,448 1,150 81 1,217 914 1,231 24,384 15,634 
eee 3,594 2,621 1,357 85 1.179 973 1,442 25,838 16,745 
(, oar 4.371 3.374 1,600 80 1,694 996 1,681 28,350 18,392 
ree 4.617 3,403 1,840 90 1,474 1,214 1,930 29,488 18,046 
Peer e 5,691 4.287 2,073 95 2,120 1,404 2,167 31,017 19,076 
Se 5,340 3,712 2,226 93 1,392 1,629 2,319 35.121 21,893 
ra ee 5,193 3,643 2,264 79 1,300 1,550 2,343 37,444 23,926 
Sar 4.885 3,544 2,186 67 1,291 1,341 2,253 39,019 25.721 
Se 4.657 3,566 2,105 86 1,375 1,092 2,191 38,364 24,684 
Ae 4,497 3.510 2,064 102 1,345 987 2,154 39,714 25,387 
A Ee ee 4,357 3,342 1,915 116 1,311 1,015 2.068 38,865 24,975 
0 re 4,366 3.705 1,886 114 1,705 661 1,996 33,746 21,148 
Se ee 3,995 3,475 1,776 123 1,577 520 1,941 38,443 25.090 
DOD = Department of Defense: IR&D = independent research and development: NASA = National Aeronautics and Space Administration ZF, 
‘Includes R&D performed by federally funded research and development centers administered by industry. &) 


“Percentages were calculated as follows: numerator i (a) is total DOD and NASA IR&D reimbursements, and denominator is total DOD and NASA R&D, excluding IR&D: numerator in (b) is total DOD and NASA IR&D 
reimbursements, and denominator is DOD and NASA R&D performed by industry, excluding IR&D. 


‘See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 
SOURCES: Defense Contract Audit Agency, Summary of Independent Research and Development and Bid and Proposal Cost (Washington, DC: DCAA, ongoing series); NASA, unpublished tabulations; Science Resources 


Studies Division (SRS), National Science Foundation, Federal Funds for Research and Development, Detailed Historical Tables: Fiscal Years 1955-1990 (Washington, DC: NSF. 1990); and SRS. Federal Funds for Research 
and Development: Fiscal Years 1991, 1992. and 1993 (Washington, DC: NSF, 1993). 
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Appendix table 4-23. 

Smail Business Innovation Research awards, by award type and agency: FYs 1983-91 

Cumulative 
Award type and agency 1983 1984 1985 1986 1987 1988 1989 1990 1991 1983-91 
Millions of current dollars 

SST a er a nee 45 108 199 298 351 389 432 461 483 2.765 

By type 
ee 45 48 69 99 110 102 108 118 128 825 
I i a Sl a a 0 60 130 199 241 285 322 342 336 1.915 

By agency 
i 56 We 20 45 78 151 194 208 233 241 241 1.410 
Dept. of Health & Human Services... . . 7 23 45 57 67 73 79 84 93 528 
Nationa! Aeronautics & Space Admin . . 5 13 29 36 32 47 52 62 69 346 
I ees ocd nie a 5 16 26 29 28 30 33 39 39 246 
National Science Foundation........ 5 7 10 15 17 17 19 20 22 131 
Dept. of Agriculture............... 1 2 3 4 4 4 4 4 5 29 
Dept. of Transportation ............ . 2 3 4 3 3 4 4 6 29 
Environmental Protection Agency... . . ' 1 2 3 3 3 3 3 4 22 
Greet. GF ORION... . eee . 1 1 2 2 2 2 2 3 15 
Nuclear Regulatory Commission... .. . ’ 1 1 1 1 1 1 1 . 8 
Dept. of Commerce............... 0 0 0 1 2 1 1 1 1 7 
Dept. of the Interior............... . 1 . 0 0 0 0 0 0 1 

Millions of constant 1987 dollars- 

Re Pere See ee er ere 51 119 211 307 351 376 399 409 414 2,637 

By type 
«os bk ooh baw ee dee 51 53 73 101 110 98 100 105 110 801 
0 re 0 66 138 205 241 275 297 303 288 1.813 

By agency 
CE ee 23 49 83 155 194 201 216 213 206 1.340 
Dept. of Health & Human Services .. . . 8 26 48 58 67 70 73 75 80 505 
Nationa! Aeronautics & Space Admin . . 6 15 31 37 32 46 48 55 59 329 
I GUI. oo cece csecccces 6 18 27 30 28 29 31 35 33 237 
National Science Foundation........ 6 8 10 15 17 17 17 17 19 126 
Dept. of Agriculture............... 1 2 3 4 4 4 4 4 4 30 
Dept. of Transportation .......... " 2 3 4 3 3 3 4 5 27 
Environmental Protection Agency... . . . 1 2 3 3 3 3 3 3 21 
Dept. of Education....... ihe edad “ 1 1 2 2 2 2 2 2 14 
Nuclear Regulatory Commission. .... . . 1 1 1 1 0 1 1 4 6 
Dept. of Commerce........... bank 0 0 0 1 2 1 1 1 1 7 
Dept. of the Interior . 1 . 0 0 0 0 0 0 1 


* = less than $500.006 


Totals are Smali Business Innovation Research award obligations that include award modifications. The details by award type and agency do not necessarily contain 


subsequerii ear revisions and may not add to totals 
See appendix table 4—1 for GOP implicit price deflators used to convert current dollars to constant 1987 dollars 


SOURCE Small Business Administration. Sma// Business Innovation Development Act (Washington. DC: SBA. annual series) 
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Appendix table 4-24. 
Small Business Innovation Research awards, by technology area and selected agency: FYs 1983-91 (cumulative) 


Technology area Total DOD HHS NASA DOE NSF Other? 
Percent 

ee 100 100 100 100 100 100 100 
Computer, information processing, analysis . . . 21 26 15 25 9 18 19 
DS <0. 5c ane 5 4 She eee Che a we ke 21 29 8 20 18 17 11 
iid aie a Ole an ie boa © dh 16 18 6 16 24 26 14 
Mechanical performance of 

vehicles, weapons, faciliies............. 6 8 1 12 3 4 4 
Energy conservation anduse............. 12 10 3 15 30 10 6 
Environment & natural resources.......... 7 5 4 7 11 12 20 
ED 6. ee a a ae ble es a 16 4 65 4 4 13 26 

Millions of dollars 

Award value (1983-91) 

Assigned to (multiple) technology areas .... 4,244 1,990 758 610 482 206 198 

Actual phase | and Il award value... . .. . . 2,765 1,410 528 346 246 131 111 


DOD = Department of Defense. DOE = Department of Energy: HHS = Department of Health and Human Services: NASA = National Aeronautics and Space 
Administration. NSF = National Science Foundation 


‘Distributions are based on the cumulative 1983-91 value of awards. not on the number of awards granted. Within each of the broad technology areas listed, Small 
Business Innovation Research awards are assigned to more specific technology areas. including multiple technology areas. Therefore. the percentage distributions 
include overcounting of awards assigned to multiple technology areas 


Includes the Depar.ments of Agriculture. Commerce. Education. and Transportation: the Environmental Protection Agency. and the Nuclear Reguiatory Commission. 
SOURCE Smail Business Administration. Smal! Business Innovation Development Act (Washington, DC: SBA, 1992) 
See figure 4-22 Science & Engineering indicators - 1993 


Appendix table 4—25. 
Budgetary impact of the federal research and experimentation tax credit: FYs 1981-94 


Total Ratio 


Cost of R&E credit’ federal of credit Total 
Outlay Revenue R&D outlays Cost of R&E credit federal 

equivalent loss outlays to R&D Outlay Revenue R&D 
(a) (b) (C) (a)/(C) equivalent loss Outlays 

Millions of current dollars Percent Millions of constant 1987 dollars’ 

1981 re ae 205 15 32.459 0.63 263 19 41,721 
1982 640 415 34,391 1.86 766 496 41.138 
1983 . 1.010 615 36.659 2.76 1,161 707 42,137 
1984 | 3,360 1.380 39.691 8.47 3,696 1.518 43,664 
1985 cee ... 2,430 1.665 44,171 5.50 2.577 1.766 46,841 
1986 oe 2.295 680 50.609 4.53 2.364 700 52.120 
1987 .. 2,715 1.865 51.612 5 26 2.715 1,865 51,612 
1988 1,240 900 54.739 2.27 1,197 869 52.837 
1989 . 1,590 1,145 59.450 2.67 1.470 1,058 54,945 
1990 1,625 1.115 62,247 2.61 1.442 989 55.232 
1991 1,070 725 61,130 1.75 916 621 52.337 
1992 1.850 1.215 64.642 2.86 1,540 1,012 53.823 
1993 775 520 68.576 1.13 630 423 55.753 
1994 325 215 70,335 0.46 258 171 55.821 


R&E - research and experimentation 


NOTES Tax expenditure estimates are prepared by the Treasury Department based on income tax law enacted as of December 31st of the year for which the 
expenditures are reported Expenditures for the years 1992-94 are estimated based on income tax law enacted as of December 31. 1992 Legislation authorizing the 
R&E credit expired on June 30. 1992 


Outlay equivalent estimates are comparable to taxable outlay figures reported in the budget This allows a comparison of the resource cost of the tax credit with the 
cost of direct federal R&D expenditure support The revenue loss estimates are net of taxes 


See appendix table 4 1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars 
SOURCE Oftice of Management and Budget. Budget of the United States Government (Washington. DC Government Printing Office. annual series) 
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Appendix table 4-26. 


Federal R&D funding, by budget function: FYs 1980-94 


1993 1994 
Function 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 (est.) (est.) 
Milhons of current dollars 
iit Ms Se ee og es ae a 29.739 33.735 36.115 38.768 44214 49.887 53.249 57,069 59.106 62.115 63.781 65.898 68398 70.175 71,648 
Ee 14.946 18413 22.070 24936 29.287 33.698 36926 39.152 40,099 40.665 39925 39.328 40,083 41539 41.978 
Ee 3.694 3871 3,869 4298 4779 5418 5565 6556 7076 7.773 8308 9226 10055 10,279 10,636 
Space research and technology ............. 2.738 3.111 2584 2134 2300 2725 2894 3,398 3,683 4555 5765 6511 744 6880 6,724 
EEE re 1233 1340 1359 1502 1676 1862 1873 2042 2160 2373 2410 2635 2% 2.715 2.990 
EE ee 3,603 3501 3,012 2578 2581 2389 2286 2053 2126 2419 2715 2943 3,099 2648 2.855 
Natural resources and environment........... 999 1,061 965 952 963 1,059 1062 1,133 1160 1255 1386 1582 1688 1,708 1,790 
I 6.6.5 ia a ed oS do on 0ck 887 869 791 876 1,040 1,030 917 908 896 1.064 1045 1231 1523 1,784 1,970 
itis ee ee as 6 bi dinee 6:04 585 659 693 745 762 836 815 822 882 907 950 1,052 1,155 1,153 1,170 
Education, training, employment, & soc. Svcs. . . . 468 298 228 189 200 220 248 267 285 347 374 433 365 375 382 
a oo oe 60 066s 125 160 165 177 192 210 211 223 224 279 375 378 371 382 333 
Veterans benefits and services.............. 126 143 139 157 218 193 183 215 195 212 216 219 245 251 224 
Commerce and housing credit.............. 101 106 104 107 110 114 111 110 122 128 140 178 192 222 386 
Community and regional development........ . 119 104 63 44 46 50 88 99 108 74 78 98 127 133 117 
Administration of justice................... 45 34 31 37 24 47 41 49 51 45 44 51 51 51 49 
i os ok ce bens be 60 00444 47 43 32 32 26 21 14 25 23 27 33 30 37 52 39 
General government ..................... 22 22 10 6 8 17 14 17 17 15 17 4 4 4 4 
Millions of constant 1987 dollars’ 

tn tc b6ke ere seekbandesiaesebae 42.123 43,361 43.200 44561 48640 52902 54839 57.069 57.052 57.408 56594 56420 56.951 57,053 56.863 
i icc ed tease senses eaee 21,170 23,667 26.400 28,662 32.219 35.735 38,029 39.152 38,706 37.583 35426 33.671 33.375 33.772 33,316 
Es eer eee ee 5.232 4976 4628 4940 5257 5745 5731 6556 6830 7,184 7372 7899 8372 8357 6441 
Space research and technology............. 3.878 3,999 3,091 2453 2530 2890 2980 3398 3555 4210 5115 5574 5615 5593 5337 
I eG leds ele Shae ee ae x 1.746 1,722 1626 1,726 1844 1975 1929 2042 2085 2193 2138 2256 2214 2207 2,373 
a ee ee rT ee 5.103 4500 3,603 2963 2839 2533 2354 2053 2052 2236 2409 2520 2580 2.153 2.266 
Natural resources and environment........... 1415 1364 1,154 1094 1059 1123 1,094 1.133 1120 1,160 1230 1354 1405 1389 £41,421 
Pe «cre tbie Ounenedbedtidese 1.256 1,117 946 1,007 1,144 1,092 944 908 865 983 927 1,054 1.268 1450 1,563 
CC eee ee eee eee 829 847 829 856 838 887 839 822 851 838 843 901 962 937 929 
Education, training, employment, & soc. Svcs. .. . 663 383 273 217 220 233 255 267 275 321 332 371 304 305 303 
ss thee eke aeehe seeds 177 206 197 203 211 223 217 223 216 258 333 324 309 311 264 
Veterans benefits and services.............. 178 184 166 180 240 205 188 215 188 196 192 188 204 204 178 
Commerce and housing credit.............. 143 136 124 123 121 121 114 110 118 118 124 153 160 180 306 
Community and regional development......... 169 134 75 51 51 53 91 99 104 68 69 84 106 108 93 
Administration of justice................... 64 a4 37 43 26 50 42 49 49 42 39 44 42 41 39 
tices ed eeebnieededssaes 67 55 38 37 29 22 14 25 22 25 29 26 31 42 31 
ee 31 28 12 7 9 18 14 17 16 14 15 3 3 3 3 


NOTE: Data for 1980-92 are actual budget authority. Data for 1993 and 1994 are estimates based on the FY 1994 budget. 
‘See appendix table 4—1 for GDP implicit price defiators used to convert current dollars to constant 1987 dollars. 
SOURCES: Science Resources Studies Division, National Science Foundation, Selected Data on Federal R&D Funding by Budget Function. Fiscal Years 1992-94, NSF 93-311 (Washington, DC: NSF. 1993) 


See figure 4~9 and 4-10 
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Appendix table 4-27. 


Federal basic research funding, by budget function: FYs 1980-94 


1993 1994 
Function 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 (est) (est) 
Millions of current dollars 
i.e bol ce sk cen see dsee dnd ahs ondbnwed ts 4716 5.107 5305 6,247 7.072 7810 8193 9021 9553 10648 11.288 12405 12973 13.497 13.760 
EEE OE ER DO EEE pe pe 1.761 1951 1953 2475 2813 3243 3324 3.651 4087 4413 4661 5021 5506 5688 #5777 
SS LA eT 1.152 1256 1296 1439 1606 1.779 1795 1942 2061 2265 2306 2526 2532 2577 2.820 
Space research and technology ................... 482 445 434 501 646 498 737 843 9344 1.099 1389 1479 1499 1589 #1532 
OE Ea Pp Pree 552 610 696 788 845 856 960 900 905 965 964 1188 1147 1328 £1,255 
iS A tus Oassandndtbaanennensinskens 200 220 260 320 365 428 456 511 571 703 761 878 921 924 985 
ERE ae Pn a EE 246 281 295 326 353 406 390 397 428 433 456 486 528 526 549 
Natural resouvces and environment ............... 136 131 139 156 192 206 204 206 210 331 336 389 383 374 374 
IN trey tithe inate nnn abies eae one 73 89 102 117 125 255 184 231 197 287 242 246 266 301 288 
Education, trainizig, employment, & Soc. Svcs........ 61 66 78 70 77 86 83 78 83 92 106 115 118 120 120 
Commerce and housing credit..................... 15 17 17 19 20 23 26 26 28 29 31 39 35 36 40 
Veterans benefits and services .................... 14 15 13 14 15 15 15 17 17 16 16 16 16 13 11 
Administration of justice .......................5.. 9 5 4 4 5 4 5 8 8 7 9 6 5 3 3 
Community and regional development.............. 8 5 7 6 5 6 6 o 7 3 3 10 1 11 0 
NS sb 506s cee bee eescbanbeeces 7 3 2 3 3 4 5 4 5 3 3 0 0 0 0 
TE <<. be oechihencdecschbebs ects 0 12 10 10 3 4 5 3 3 3 4 6 6 7 6 
EE is chk un dunes cbduekeneeesssad 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Millions of constant 1987 dollars’ 

DE >> Grill nes thadbanes eanenadsusesuaaeeet 6.680 6564 6346 7.180 7,780 8282 8438 9.021 9221 9,841 10,016 10621 10802 10973 10,921 
ADS bcc cieeivs cexakhds onc geseneunsenet 2494 2508 2336 2845 3,095 3439 3423 3851 3945 4079 4136 4299 4585 4624 4,585 
SE er ER eee 1632 1614 1550 1654 1,767 1887 1849 1942 1989 2093 2046 2163 2108 2095 2238 
Space research and technology ................... 683 572 519 576 711 528 759 843s 91 1,016 1232 1266 1248 1292 1,216 
National defense ..... 782 784 833 906 930 908 989 900 874 892 855 1,017 955 1,080 996 
Energy ..... 283 283 311 368 402 454 470 511 551 650 675 752 767 751 782 
Dh +: Gehahi iaaiagkdebinessscdeceeseins 348 361 353 375 388 431 402 397 413 400 405 416 440 428 436 
Natural resources and environment ................ 193 168 166 179 211 218 210 206 203 306 298 333 319 304 297 
i. «6h deeshes ko¢abepaedbesees ce 112 114 122 134 138 270 189 231 190 265 215 211 221 245 229 
Education, training. employment. r ae GD ao cence: 86 85 93 80 85 91 85 78 80 85 94 98 98 98 95 
Commerce and housing credit............ 21 22 20 22 22 24 27 26 27 27 28 33 29 29 32 
Veterans benefits and services .................... 20 19 16 16 17 16 15 17 16 15 14 14 13 1 9 
Administration of justice ... 13 6 5 5 6 4 5 8 8 6 8 5 4 2 2 
Community and regional development 11 6 8 7 6 6 6 4 7 3 3 9 9 9 0 
General government : . 4 2 3 3 4 5 4 5 3 3 0 0 0 0 
international affairs _.. 0 15 12 11 3 4 5 3 3 3 4 5 5 6 5 
Income security 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 


* « Less than $500.000 


NOTE Data for 1980-92 are actual budget authority Data for 1993 and 1994 are estimates based on the FY 1994 budget 
‘See appendix table 4—1 for GDP wmphcit price defiators used to convert current dollars to constant 1987 dollars 
SOURCES Science Resource Studies Division. National Science Foundation, Selected Data on Federal R&D Funding by Budget Function. Fiscal Years 1992-94, NSF 93-311 (Washington. DC NSF. 1993) 


See figure 4-10 
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Appendix table 4-28. 
National support for health R&D, by performer and source of funds: 1980-92 
1991 1992 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 fest) (est) 
Millions of current dollars 
Source of funds 

Government _. 5203 5413 5612 6.117 6887 7.675 7,929 9,037 9,725 10634 11422 12.413 13,424 

Federal........ 4723 4848 4970 5399 6,087 6.791 6895 7847 8425 9163 9.791 10.711 11,596 
Nat! institutes of Health 3,182 3.333 3.433 3.789 4257 4828 5,005 5852 6292 6778 7.136 7.711 8423 
EE oe ee i ee 480 564 642 718 800 884 1,034 1.191 1,300 1,471 1,632 1,702 1,827 

re 2459 2998 3593 4205 4765 5352 6.188 7.103 8432 9,404 10,634 12,020 13,505 

Private nonprofit........... 305 328 390 456 507 538 782 800 pr4 939 1020 1.128 1,196 
Howard Hughes’.......... 18 20 25 54 79 51 247 183 179 197 215 250 281 

Performe: 

Government.............. 1.487 1575 1,669 1813 1997 2140 2155 2389 2590 2578 2861 3,300 3,568 
Federal... 1284 1364 1448 1577 1,741 1,869 1848 2042 2213 2,161 2403 2816 3,049 
State andiocal ....... 203 211 221 236 256 271 307-347 377 417 458 484 520 

industry?......... 2.249 2659 3.161 3,668 421€ 4660 5293 6002 6927 7901 8817 9578 11,006 

Higher education? .......... 3.005 3.21: 3,388 3.779 4274 4745 5320 5056 6593 7238 7,744 8467 9,173 

Private nonprofit?........... 726 751 785 887 976 1.115 1,157 1,352 1,455 1,798 1886 1.931 2,087 

Sa ckbtes 499 543 593 631 697 805 975 1,140 1446 1462 1,769 2,078 2,291 

Biomedical R&D price index® 0649 0.713 0.774 0819 0867 0911 0949 1000 1050 1106 1.166 1.224 1.284 

Millions of constant 1987 dollars 
Total. . 12.276 12.255 12.397 13.160 14,024 14.890 15.701 16,940 18,106 18.967 19,791 20.882 21,904 
Source of funds 

Government 8.017 7,591 7.251 7469 7943 8424 8355 93.037 9,262 9,615 9,796 10,141 10,455 

Federal . - 7.277 6800 6421 6593 7.021 7,454 7.266 7.847 8,024 8.285 8397 8,751 9,031 
Nat! institutes of Health . 4903 4675 4435 4626 4910 5300 5274 5852 5992 6198 6120 6300 6,560 
State andiocal ........... 740 791 829 877 $23 970 1,090 1,191 1238 1,330 1400 1,391 1,423 

Industry . oe... .. 3,788 4205 4642 5134 5496 5875 6521 7.103 8030 8503 9120 9.820 10.518 

Private nonprofit . Seaai gc eeeard 470 460 594 557 585 591 824 #800 813 849 875 922 8931 
Howard Hughes’'.......... 8 28 32 66 91 56 260 183 170 178 184 204 219 

Pe-former 

Pe 6k sks ok O-6.6 « 2.292 2.208 2.156 2.214 2303 2349 2.271 2389 2467 2331 2454 2,696 2.779 
Federal... sei Ie 1979 1912 1871 1925 2008 2.052 1947 2042 2.108 1954 2061 2.301 2,375 
State and local . . 313 296 286 288 295 297 323. 347 359 377 393 395 405 

industry . : 3,466 3,729 4,084 4479 4863 5.115 5577 6002 6597 7,144 7562 7.825 8572 

Higher education . _.... $630 4504 4377 4614 4930 5209 5606 5056 6279 6544 6642 6917 7,144 

Private nonprofit........... 1.119 1,053 1.014 1,083 1,126 1,224 1,219 1.352 1386 1626 1617 1,578 1,625 

eee ee 768 762 766 770 804 884 1.027 1.140 1.377 1,322 1,517 1,698 1,784 


‘For Howard Hughes Medical Institute. figures are for the direct conduct of biomedical research. and exclude support for scientific career development. Figures for 
1985 include only 8 months of operations because of change in fiscal year 


"Includes expenditures for federally funded research and development centers admunistered by organizations in the respective sectors 


‘The biomedical R&D price index used here differs trom the GDP implicit price deflator detailed in appendix table 4—1 


SOURCE: National institutes of Health. Department of Health and Human Services. N/H Data Book (Bethesda. MD NIH. annual sernes) 


See figure 4- | 
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Appendix table 4-29. 
indicators of technology transfer from federal laboratories: 1987-91 
(page 1 of 2) 
Agency 1987 1988 1989 1990 1991 
Number of active cooperative R&D agreements 

ns sb np eds ceecscesen ees 108 194 403 607 975 
Rr mee 9 51 98 128 177 
I do 6 ska eee dle eeaaee 0 ae 82 115 
Dept. of Defense 

ti nn 06 é6bndebehhakes ele ekees 0 2 7 13 26 
iites sendunkdak pataed ude ie os 2 9 32 80 115 
a cs bhi a Ceeenke hae he eek er 0 0 2 20 52 
ih he kas 600666 0608 0 0 0 1 43 
Environmental Protection Agency............ 0 0 2 11 31 
Dept. of Health and Human Services.......... 22 28 89 110 144 
Dept. of the Interior... 2... 2.0.0 ee 0 0 1 12 11 
National Aeronautics & Space Admin.’ ........ 75 95 127 147 244 
Dept. of Transportation ................... 0 0 0 1 9 
Dept. of Veterans Affairs .................. 0 0 1 2 8 

Number of inventions disclosed 

Totai,allagencies............ 0... enn, 2,662 3,047 3,168 3,772 4,213 
Dep!. of Agriculture........ | ae 83 144 127 158 127 
ED, . vconeeees 10060000008 43 31 49 46 30 
Dept. of Defense 

EE Divs) asd dhe eaebeds aeadeis oh 83 90 169 160 102 
Des dbGb b¥es sian dneneadescenses 248 348 276 376 463 
NE iiss sa oh KERNS ae Sheet 622 709 708 847 959 
ns «os ce0ssekneseaenesneee 857 1,003 1,053 1,335 1,666 
Environmental Protection Agency............ 0 0 0 12 20 
Dept. of Health and Human Services.......... 194 226 209 215 215 
EE Ee 3 6 3 26 26 
National Aeronautics & Space Admin.......... 496 462 532 538 570 
Dept. of Transportation ................... 0 0 0 1 2 
Dep. of Veterans Affairs .................. 33 28 42 58 33 

Number of patent applications 

Total, ef agencies...................5.. 848 1,131 1,462 1,669 1,936 
SO TTT Tr iri rT Tee 44 50 71 76 110 
5 PPT TTT TTT TT 8 15 28 28 18 
Dept. of Defense 

i 5.64 6e0e cendunweses besa eeeea 49 47 122 145 178 
De deéebbs ov eSbdeeCseevievevess 177 203 216 236 274 
Dt -+.detndid 60h eREY EAs x46 «60 117 197 278 426 467 
i écaddeashaehedseneeeee cs 252 336 382 366 397 
Environmental Protection Agency............ 4 5 5 6 8 
Dept. of Health and Human Services.......... 98 145 225 239 261 
RNID sg ca ccdtcdccccccceessn 5 4 11 15 21 
Nationa! Aeronautics & Space Admin 94 129 121 123 201 
Dept. of Transportation ..... veyererr yyy 0 0 0 1 1 
Dept. of Veterans Affairs .. . Terrrerr TTT NA NA 3 8 NA 
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Appendix table 4—29. 
indicators of technology transfer from federal laboratories: 1987-91 


(page 2 of 2) 
Agency 1987 1988 1989 1990 1991 
Number of licenses granted 
Votel, eo amemeies .................4.-.- 128 125 157 193 261 
a ab is a aed ba Sie el ache et dese bie 53 60 76 83 100 
I hi a ea pk ite ae wig ede ae 0 75 65 81 110 161 
Dept. of Agriculture......... De Cada cad 4 30 24 23 33 29 
Dept. of Commerce................ ae ae 0 0 1 0 2 
Dept. of Defense 
I re ee Be a a 5 tn ae Bs 1 2 2 4 1 
ER a ae a 3 2 2 3 9 
ES Ae RE ie ee ala ae he ee 6 2 10 8 15 
a el ak lnk 6d eho A ee 8 37 43 57 88 125 
Environmental Protection Agency............ 0 0 0 1 2 
Dept. of Health and Human Services.......... 35 42 48 47 69 
Dept. of the Interior....... see 3 3 7 3 5 
National Aeronautics & Space Admin. 13 7 7 6 4 


NA = not available 
‘Cooperative agreements made by National Aeronautics and Space Administration labs are made under the authority of the 1958 Space Act 


SOURCE: Office of Technology Commercialization. Department of Commerce, Technology Transfer Under the Stevenson-Wydler Technology 
Innovation Act: The Second Biennial Report (Washington. DC: DOC. January 1993) 
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Appendix table 4—30. S 

industrial R&D, by character of work, industry classification, and source of funds: 1991 ad 

a 

Total Basic Applied Development 
Industry SIC code Total Federal Other Total Federal Other Total Federal Other Total Federal Other 
Millions of dollars 

Total. .—_—.. ‘pees sal Fl a ae a ea a les cae . 102.246 25.308 76,938 4.372 1.148 3 225 24.084 4918 19.166 73,789 19.242 54.547 
Food, kindred, and tobacco products. . . 20.21 1.360 0 1.360 154 0 154 471 0 471 735 0 734 
Textiles and apparel ................ 22.23 D D 215 D 0 D S 0 S 138 D D 
Lumber, wood products, andfurnitive.... 24.25 160 0 160 D 0 D 60 0 60 D 0 D 
Paper and allied products............. 26 715 0 715 D 0 D 186 0 186 D 0 D 
Chemicals and allied products ......... 28 13.183 89 13.094 835 6 829 5.338 17 5,321 7.011 S 6.945 
Industrial chemicals................ 281-82.286 4.433 83 4.350 323 6 317 D D 1.929 D D S 
Drugs and medicines............... 283 D D 6,098 S 0 S D D 2.610 3.077 1 3.076 
Geer Greeiegs .. www eee, 284-85 287-89 D D 2.646 99 0 99 D D 782 D D 1,765 
Petroleum refining and extraction ....... 13,29 2.245 10 2,235 D D 154 D D 873 D D 1.208 
A 30 D D 694 S 0 S D D 225 D D 415 
Stone, clay, and glass products ........ 32 D D 895 D D 182 D D 444 D D 268 
iad ss cha x 44-9 33 836 17 819 S 0 S D D (S) D D 437 
Fabricated metal products ............ 34 756 130 626 19 0 19 D D 138 D D 469 
ee eee 35 15,089 1.055 14,034 D D 296 D D 2,383 D D 11,354 
Office, computing. & acctg. machines .. 357 D D = 10,527 D D 167 D D 1.748 D D 8.612 
Other machinery, except electrical...... 351-56.358-59 D D 3,507 D D 130 D D 635 D D 2.742 
Electrical equipment ................ 36 17,279 4824 12.455 504 9 495 4512 1,369 3,143 12,264 3,446 8,818 
Radio and TV receiving equipment .... . 365 78 0 78 D 0 D D 0 D S 0 S 
Communication equipment........... 366 10.444 4.212 6,232 D D D D D D 8,158 3,082 5.076 
Electronic components.............. 367 5,321 595 4,726 D D 107 D D 1,757 3,209 347 2.862 
Other electrical equipment........... 361-64 ,369 1,436 17 1,419 79 0 79 523 0 523 835 S S 
Transportation equipment......... ... 37 32.091 16217 15,874 657 470 187 4.413 2.139 2.274 27,021 13,608 13,413 
Motor vehicles & motor veh. eqpt....... 371 D D 8,998 87 0 87 D D D D D D 
Other transportation equipment... ..... 373-75,379 D D 288 11 0 11 D D D D D D 
Aircraft and missiles........... .... 372,376 21.692 15.104 6,588 559 471 89 3,248 1,731 1,517 17,884 12,902 4,982 

Professional and scientific instruments ... 38 6.621 100 6,521 D D 382 1,461 20 1,441 D D 4,699 > 

Scientific & mech. measuring inst... ... . 381-82 2.150 S 2,143 D D 43 D D S D D 1.710 gE 

Optical, surg., photog. & other inst... . . . 383-87 4,471 93 4378 D D 293 D D 1,050 D D  —- 3,035 3 

o 

Other manufacturing industries......... 27,31,39 D D 414 19 0 19 D D 67 D D 327 a 

Nonmanufacturing industries .......... 10-11,14-17,40- 9.642 2,815 6,827 937 607 330 2,599 823 1,777 6,106 1,386 4,720 2 

42,44-51,53-54, i 

56 ,60,62-63,72- a 

73,78,806-07,87 A 

ie) 

D = withheld to avoid disclosing operations of individual companies: S = withheld because of imputation of more than 50 percent; SIC = standard industrial classification ® 


SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in industry: 1991 (Washington. DC: NSF. forthcoming). 
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Appendix table 4—31. w 

Total expenditures for industrial R&D (financed by company, federal, and other funds), by industry and size of company: 1980-91 ® 

(page 1 of 2) 2 

Ro 

Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 2 

Millions of dollars > 

ie eo ae oe ei. ee i 44.505 51.810 58,650 65,268 74,800 84,239 87.823 92.155 97.889 101,854 104606 102,246 = 

a) 

Food, kindred. and tobacco products ............ 620 D D D D D D 1,206 D D D 1,360 a 

ee 115 D D D D D D D D D D D 2 

Lumber, wood products, and furniture............ 148 161 159 152 143 147 144 137 D 172 183 160 Ss 

Paper and allied products .................... 495 D 566 D D D D D D 686 730 715 

© 

Chemicals and allied products ................. 4.636 5.625 6.604 7,185 7,927 8,540 8,843 9.635 10,772 11,466 12.344 13,183 S 
kan wik-gs id Wake 2,197 2.802 3,206 3,214 3.240 3,498 3,552 3,716 3,959 4.039 4.337 4.433 
RS 6 6 6 sah coe Wack ae % <a 1,777 D D D D D 3.658 D 4.746 D D D 
eS hg lS oe ieee bs ob 2 oak 662 D D D D D 1.633 D 2,067 D D D 
Petroleum refining and extraction............... 1,552 D D D D D D 1,897 1,944 2,066 2,129 2,245 
Rs La Sho 5 ae Mots aed 44-0 4.4.4 oO 88 656 D D D D D D D D D D D 
Stone, clay, and glass products ................. 406 D D D D D 950 995 D D D D 
SS ee ae 728 878 987 1,085 D D D 730 663 749 D 836 
Ferrous metals and products ................. 443 D D D D D D D 258 D D D 
Nonferrous metals and products............... 285 D D D 336 416 458 D 405 D D D 
Fabricated metal products.................... 550 624 625 701 842 829 895 783 829 800 778 756 
EE cic at ins foie eh Manis Sis abe Liutie eal 6 ATS 5,901 6,818 8,078 9,027 10.504 12,216 D D D 14.635 14,696 15.089 
Office, computing, and accounting machines...... 3,962 D D D D D D D D D D D 
Other machinery, except electrical ............. 1,939 D D D D D 2,396 2,428 2,719 D D D 
re 9,175 10.329 10,923 12,681 13,778 14.432 14,980 15.848 16,242 16,929 17,723 17,279 
Radio and TV receiving equipment............. 556 D D D D D 133 139 139 84 93 78 
Communication equipment................... 4.024 4,758 5,839 7,298 8.685 9,397 9.669 10,184 10,296 10.539 10,770 10.444 
BIMOWONNG CONUMOTIOIMS. 0... eee 1,547 1.573 1,740 2,169 2,831 3,385 D 4.286 4,607 4,990 5,432 5,321 
Other electrical equipment................... 3,048 D D D D D D 1,239 1.200 1,316 1.428 1,436 
Transportation equipment .................... 14,315 D D D D D 31.275 34,246 36,338 36.844 36,019 32.091 
Motor vehicles and motor vehicles equipment .... . 4,955 4,806 4,797 5,318 6,057 6,984 D D D D D D 
Other transportation equipment ............... 162 D D D D D D D D D D D 
A eee eee 9.198 11,968 14,451 15,406 18,858 22,231 21.050 24.458 25.900 25,638 25,356 21,692 
Professional and scientific instruments ........... 3.029 3,614 3.930 4,266 4.602 5,013 5,103 5,222 5,426 5,743 6,194 6.621 
Scientific and mechanical measuring instruments... 1,352 D D D D D D D 1,734 1,868 2.096 2.150 
Optical. surgical, photographic, and other inst... .. . 1,677 D D D D D D D 3,692 3,875 4.098 4,471 
Other manufacturing industries................. 364 D D D D D D D D D D D 

Nonmanufacturing industries .................. 1.815 1,906 2,472 3,337 4,905 6,714 7,446 7.844 8,113 8.286 9.274 9,642 > 
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Appendix table 4-31. 
Total expenditures for industrial R&D (financed by company, federal, and other funds), by industry and size of company: 1980-91 


(page 2 of 2) 
Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of dollars 

Less than 500 employees’.................... 2.065 2,305 2,934 4.422 4.402 5.866 7.071 7.163 7.249 7.620 8.231 8.786 
Sasa ae a NA NA NA NA 1.439 1,648 1,902 1,725 1.656 1.765 1.976 1.947 
a i es Bo TN ee 2.701 3,148 3,864 4.178 5,520 6.240 7,472 7,262 7,598 7,696 7.786 8.056 
a i oe 2,028 2.988 2,751 2.798 3,251 4.022 4.251 4,501 5.236 5.626 6.163 6.593 
RST a a gre ee eg Pe eS Na . ae 6,762 7.943 9.499 11,351 11.109 10.493 12.043 11,473 10,185 11,598 13,361 
EE 31,693 36.607 41,156 44.372 48 837 55.354 56,991 59 461 64.677 68,962 68.852 63.503 


D = withheld to avoid disclosing operations of individual companies: NA = not available 

‘Until 1984. data represent companies with less than 1.000 employees 

SOURCE Science Resources Studies Division, National Science Foundation. Research and Development in Industry: 1991 (Washington. DC: NSF. forthcoming) 

See figure 4—23 Science & Engineering Indicators —1993 
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Appendix table 4-32. 


Company and other (except federal) funds for industrial R&D performance, by industry and size of company: 1980—91 


(page 1 of 2) 
Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of dollars 
Diep cba t ee eee 5 sikh Side iaenme 30.476 35428 40,105 44,588 51,404 57,043 59,932 61,403 65,772 70,562 73,980 76,938 
Food, kindred, and tobacco products ............ D 636 777 824 1,081 1,136 1,280 1,204 1,192 1,284 1,308 1,360 
eg a an oa wy 0 '8 D 116 136 150 182 218 246 243 210 S 242 215 
Lumber, wood products, andfurniture............ D 161 159 152 143 147 144 137 156 172 183 160 
Paper and allied products .................... D 566 566 552 594 576 538 604 664 686 730 715 
Chemicals and allied products ................. 4,264 5,205 6,197 6,792 7,736 8,310 8.664 9,445 10,573 11,383 12,277 13,094 
EE oa ee 1,856 2,393 2,810 2,828 3,057 3,281 3,374 3,531 3,763 3,960 4,272 4,350 
EE ee D 2,064 2,473 2.896 3,310 3,481 3,657 4.095 4,743 5,164 5,366 6,098 
Ns a ee ak a be ees ie bee 653 747 914 1,068 1,369 1,548 1,633 1,819 2,067 2,259 2,638 2,646 
Petroleum refining and extraction............... 1,401 1,780 2,003 2,074 2,245 2,194 1,971 1,883 1,923 2,050 2,113 2,235 
sn hs ob eke 64s oe dS D 598 617 638 671 659 655 596 635 678 739 694 
Stone, clay, and glass products ................ D 411 472 586 705 825 941 985 826 863 894 895 
ee ie as cheb henecehbaaes 594 702 711 701 683 730 786 711 642 715 801 819 
Ferrous metais and products ................. 338 415 426 396 357 323 336 249 257 254 245 244 
Nonferrous metals and products............... 256 287 285 305 326 407 450 462 385 461 556 575 
Fabricated metal products.................... 501 545 565 634 773 780 800 633 687 664 644 626 
ee ee ee ee eee 5,254 6,124 7,227 7,911 9,312 10,721 10,701 10,577 11,992 13,478 13,780 14,034 
Office, computing, and accounting machines... .. . D 3,847 4,944 5,634 7,011 8.418 8,380 8.193 9,371 10,780 11,073 10,527 
Other machinery, except electrical ............. D 2,277 2,283 2,277 2,301 2,303 2,321 2.384 2,621 2,698 2,707 3,507 
EE ee ee re 5,431 6,409 6,682 8,158 9,037 9,271 9,767 10,449 11,061 11,641 12,131 12,455 
Radio and TV receiving equipment............. 346 358 364 324 362 350 133 139 139 84 93 78 
Communication equipment................... 2,367 2,975 3,555 4,500 5,147 5,174 5,117 5,455 5,675 5,820 5,932 6,232 
Electronic components...................... 1,165 1,212 1,342 1,810 2,354 2,826 3,357 3,630 4,068 4,458 4,709 4,726 
Other electrical equipment................... 1,553 1,864 1,421 1,524 1,174 921 1,160 1,225 1,179 1,279 1,397 1,419 
Transportation equipment .................... 6,958 7,739 8,621 8,991 10,406 12,092 13,567 13,462 14,162 15,083 14,992 15,874 
Motor vehicles and motor vehicles equipment .... . 4,300 4,219 4,321 4,754 5,384 6,164 7,171 7,167 7,769 8,725 8,548 8,998 
Other transportation equipment ............... D 80 114 227 258 279 330 356 370 353 304 288 
Ee ee ee 2,570 3,440 4,186 4.010 4,764 5,649 6,066 5,939 6,023 6,005 6,140 6,588 
Professional and scientific instruments ........... 2,456 2,978 3,407 3,816 4,211 4,622 4,752 4,950 5,306 5,630 6,095 6,521 
Scientific and mechanical measuring instruments... 1,001 1,235 1,363 1,605 1,671 1,596 1,521 1 598 1,710 1,858 2.086 2,143 
Optical, surgical, photographic, and other inst... . . . 1,454 1,743 2,044 2,211 2,540 3,026 3,231 3,752 3,596 3,772 4,009 4,378 
Other manufacturing industries................. 339 4°1 493 525 373 361 380 380 383 400 472 414 
Nonmanufacturing industries .................. 1,037 =: 1,048 1,472 2,084 3,252 4,401 4,740 5,144 5,360 5,620 6,588 6,827 
(continued) 
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Appendix table 4—32. e 
Company and other (except federal) funds for industrial R&D performance, by industry and size of company: 1980-91 ad 
(page 2 of 2) ° 
Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Millions of dollars 
Less than 500 employees' ca 7 1,880 2.411 3,781 3,781 5.127 6.203 6.200 6.386 6,633 7,256 7,858 
500 t0 999"... _. ee cat i? N/A N/A N/A NA 1,341 1,531 1,765 1,610 1,517 1.660 1.836 1,711 
1,000 to 4,999. | ie oe and aes ee ae 2.257 2.586 3,241 3,438 4.618 5.249 6.243 6.281 6.441 6.646 6,827 7,125 
5,000 to 9,999. . . icaedenchwedcaeetcane ee 2,369 2,224 2.080 2.764 3,350 3,455 3,753 4,322 4815 5.883 6,439 
10,000 to 24.999... .. Pe a nee ere Gage 4.867 5,537 6.448 7,228 8.546 8.366 8.489 9.681 9.668 8,948 9,936 11,633 
ee ee ea ae 20.045 23.056 25,781 28,061 30,354 33,421 33,778 33,878 37 438 41,860 42 242 42.172 


D = withheld to avoid disclosing operations of individual companies. NA = not available. S = withheid because cf imputation of more than 50 percent 

‘Until 1984, data represent compamies with less than 1.000 employees 

SOURCE: Science Resources Studies Division. National Science Foundation, Research and Development in industry: 1991 (Washington. DC: NSF. forthcoming) 

See figure 4-23 Science & Engineering indicators - 1993 
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Appendix table 4—33. 


Federal funds for industrial R&D performance, by industry and size of company: 1980-91 


(page 1 of 2) 


Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of dollars 

EEE 14,029 16,382 18,545 20,680 23,396 27,196 27,891 30,752 32,117 31,292 30,626 25,308 
Food, kindred, and tobacco products ............ D D D D D D D 2 D D D 0 
Textiles and apparel .......... 0... cece D D D D D D D D D D D D 
Lumber, wood products, and furniture............ D 0 0 0 0 0 0 0 0 0 0 0 
Paper and allied products ................5005 D D 0 D D D D D D 0 0 0 
Chemicals and allied products ................. 372 421 407 393 191 230 179 190 199 83 67 89 
Industrial chemicals............0 0... 00000005 341 409 396 386 183 217 178 185 196 79 65 83 
Drugs and medicines........... 0.0.00 0 ecu ee D D D D D D 1 D 3 D D D 
QUOT ONOMUCMS 0c cece D D D D D D 0 D 0 D D D 
Petroleum refining and extraction............... 151 D D D D D D 14 21 S S 10 
Rubber products... .......... 0.0.0 eee D D D D D D D D D D D D 
Stone, clay, and glass products ................ D D D D D D 9 10 D D D D 
Re cee cece eeeneey cede eeeesess 135 176 276 384 D D D 19 21 34 D 17 
Ferrous metals and products ................. 105 D D D D D D D 1 D D D 
Nonferrous metals and products............... 30 D D D 10 9 8 D 20 D D D 
Fabricated metal products.................... 49 80 60 67 69 49 95 150 142 135 134 130 
Dt stiphbeenseenseeeseeeeeresceess 647 694 851 1,116 1,192 1,495 D D D 1,157 916 1,055 
Office, computing, and accounting machines...... D D D D D D D D D D D D 
Other machinery, except electrical ............. D D D D D D 75 44 98 D D D 
Electrical equipment ....................005. 3,744 3,920 4,241 4,523 4,741 5,161 5,213 5,399 5,181 5,288 5,592 4,824 
Radio and TV receiving equipment............. 210 D D D D D 0 0 0 0 0 0 
Communication equipment................... 1,657 1,/°3 2,284 2,798 3,538 4,223 4,552 4,729 4,621 4,719 4,838 4,212 
Electronic components. .................005. 382 361 398 359 477 559 D 656 539 532 723 595 
Other electrical equipment................... 1,495 D D D D D D 14 21 37 31 17 
Transportation equipment .................... D D D D D D 17,708 20,784 22,176 21,761 21,027 16,217 
Motor vehicles and motor vehicles equipment .... . 655 587 476 564 673 820 D D D D D D 
Other transportation equipment ............... D D D D D D D D D D D D 
Aircraft and missiles ...................005. 6,628 8,528 10,265 11,396 14,094 16,582 14,984 18,519 19,877 19,633 19,216 15,104 
Professional and scientific instruments ........... 573 637 523 450 391 391 351 272 120 113 99 100 
Scientific and mechanical measuring instruments. . 350 D D D D D D D S S S S 
Optical, surgical, photographic, and other inst... ... 223 D D D D D D D 96 103 89 93 
Other manufacturing industries................. 25 D D D D D 2 D D D D D 
Nonmanufacturing industries .................. 779 858 1,000 1,253 1,653 2,313 2,706 2,700 2,753 2,666 2,686 2,815 
(continued) 
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Appendix table 4—33. e 
Federal funds for industrial R&D performance, by industry and size of company: 1980-91 = 
(page 2 of 2) , 
Industry and size of company 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of dollars 
Less than 500 employees'.................... 354 424 523 641 621 739 868 963 864 987 975 928 
i. 466 664644 064404440909000404 N/A N/A N/A N/A 98 117 137 115 139 105 140 236 
Is 6004s 0 6000499006004000080404 444 562 623 740 902 991 1,229 981 1,157 1,050 959 931 
hs 644 4s 0405 4oeekeeeseneeneee 422 619 527 718 487 672 796 748 914 811 280 154 
10,000 to 24,999....................2 2 eee 1,150 1,225 1,495 2,271 2,805 2,743 2,004 2,362 1,805 1,237 1,662 1,728 
i itn066neeceereneeesaneenane 11,648 13,551 15,377 16,311 18,483 21,933 23,213 25,583 27,239 27,102 26,610 21,331 
D = withheld to avoid disclosing operations of individual companies; NA = not available; S = withheld because of imputation of more than 50 percent 
‘Until 1984, data represent companies with less than 1,000 employees. 
SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in Industry: 1991 (Washington, DC: NSF, forthcoming). 
See figure 4—23. Science & Engineering Indicators -1993 
Appendix table 4—34. 
industrial nonmanufacturing R&D performance, by industry and source of funds: 1989-91 
1989 1990 1991 
Industry SIC code Total Company Federal Total Company Federal Total Company Federal 
Millions of dollars 
Total R&D performance..................... 8,286 5,620 2,666 9,274 6588 2,686 9,642 6827 2,815 
Communication services......... 48, part 737 D 249 D D 623 D D 557 D 
Electric, gas, and sanitary 
DU S554 0044-004400460445 49 234 213 21 244 227 15 278 259 19 
Computer programming, 
data processing, other 
computer-related engineering, 
architectural, and surveying 
FT TTT Ter TT aee part 737,871 3,784 2,421 1,363 4,629 3,140 1,489 4,784 3,234 1,550 
Hospitals and medical and 
dental laboratories............ 806-07 163 160 3 192 189 3 229 227 2 
Research, development, 
and testing services........... 873 1,405 855 550 1,335 920 415 1,347 975 372 
Other nonmanufacturing g 
TTT TEL TTT 10-11,14-17,40- D 1,722 D D = 1,487 D D 1,574 D 2 
42,44-47,50-51, 7 
53-54,56,60,62- > 
63,72-73,78, g 
872, 874 g 
D = withheld to avoid disclosing operations of individual companies; SIC = standard industrial classification ' 
SOURCE: Science Resources Studies Division, National Science Foundation, Research and Development in Industry: 1991 (Washington, DC: NSF, forthcoming). o 
Science & Engineering Indicators -1993 3 
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Appendix table 4—35. 
International R&D expenditures and R&D as a percentage of GDP: 1970-91 
R&D expenditures' R&L expenditures as a percentage of GDP 
United United United United 


States Japan Germany France Kingdom italy Canada States Japan Germany* France Kingdom Italy Canada 


__._ —...... Billions of constant 1987 dollars -—_- -----_- —_______-_-_______-Percent--—________-___—- 
are 74.2 16.0 13.8 10.1 NA 3.9 2.7 2.6 1.8 2.1 1.9 NA 0.8 1.2 
ar 71.9 = 17.1 15.2 10.5 NA 4.1 3.1 2.4 1.9 2.2 1.9 NA 0.9 1.3 
ar 73.4 189 15.9 10.7 11.6 43 3.2 2.4 1.9 2.2 1.9 2.1 0.9 1.2 
re 74.4 20.7 15.8 10.7 NA 4.3 3.1 2.3 2.0 2.1 1.8 NA 0.8 1.1 
a 73.2 21.2 16.2 11.2 NA 4.2 3.1 2.3 2.0 2.1 1.8 NA 0.8 1.1 
rer 71.6 216 16.7 11.3 12.2 46 3.2 2.2 2.1 2.2 1.8 2.0 0.8 1.1 
ae 746 22.4 17.0 11.5 NA 4.5 3.2 2.2 2.0 2.2 1.8 NA 0.8 1.0 
TS 64% 44 76.5 23.1 17.4 11.8 NA 4.7 3.4 2.2 2.0 2.2 1.7 NA 0.8 1.1 
er 79.8 242 18.7 12.1 13.5 4.6 3.6 2.2 2.0 2.3 1.7 2.1 0.7 1.1 
ae 83.8 26.8 20.5 12.9 NA 4.9 3.8 2.2 2.1 2.4 1.8 NA 0.7 1.1 
ere 87.3 29.3 21.4 13.3 NA 5.1 4.0 2.3 2.2 2.4 1.8 NA 0.7 1.1 
arr 91.1 32.0 21.1 14.6 15.4 6.0 4.5 2.4 2.3 2.4 2.0 2.4 0.9 1.2 
Ser 95.5 34.4 21.8 15.6 NA 6.2 49 2.5 2.4 2.5 2.1 NA 0.9 1.4 
ar 102.2 37.1 21.9 16.0 15.0 6.6 4.9 2.6 2.5 2.5 2.1 2.2 1.0 1.4 
errr 111.1 39.6 22.4 16.8 NA 7.1 5.3 2.7 2.6 2.5 2.2 NA 1.0 1.4 
ee 1206 43.5 24.4 17.3 15.8 8.1 5.7 2.8 2.7 2.7 2.3 2.3 1.1 1.4 
1986....... 123.4 43.9 24.9 17.5 16.8 8.3 6.0 2.8 2.7 2.7 2.2 2.3 1.1 1.5 
eee 1254 469 26.5 18.1 16.9 9.0 6.0 2.8 2.8 2.9 2.3 2.2 1.2 1.4 
1988....... 128.7 50.2 27.2 18.8 17.4 9.5 6.1 2.7 2.9 2.9 2.3 2.2 1.2 1.4 
ee 129.7 545 28.2 19.9 18.0 10.0 6.1 2.7 3.0 2.9 2.3 2.2 1.2 1.4 
1990....... 129.4 59.1 28.0 21.1 17.6 10.6 6.4 2.7 3.1 2.7 2.4 2.2 1.3 1.4 
Pre 123.4 60.7 29.6 21.3 16.3 11.4 6.4 2.6 3.0 2.8 2.4 2.1 1.4 1.4 


NA = Not available 


‘Conversions of foreign currencies to U.S. dollars are calculated with C. ganisation for Economic Co-operation and Development purchasing power parity exchange 
rates. (See appendix table 4-2.) Constant 1987 dollars are based or, the U.S. Department of Commerce calendar year GDP implicit price deflators. (See appendix 
table 4-1.) 


2German data are for the former West Germany only. The R&D/GDP ratio for the unified Germany was 2.6 percent in 1991. 


SOURCES: Science Resources Studies Division, National Science Foundation international Science and Technology Update (Washington, DC: NSF, periodic series); 
Organisation for Economic Co-operation and Development Main Science and Technology Indicators database; and national sources. 


See figure 4-7. Science & Engineering Indicators - 1993 


376 ¢ Appendix A. Appendix Tables 


Appendix table 4-36. 
International nondefense R&D expenditures and nondefense R&D as a percentage of GDP: 1970-91 
Nondefense R&D expenditures’ Nondefense R&D expenditures as a percentage of GDP 
United United United United 


States Japan Germany? France Kingdom italy Canada States Japan Germany’ France Kingdom Italy Canada 


Billions of constant 1987 dollars Percent 
be aa 51.6 NA 12.6 NA NA 3.9 NA 1.8 NA 1.9 NA NA 0.8 NA 
as & ws a4 50.0 16.9 14.1 8.0 NA 4.0 2.9 1.7 1.9 2.0 1.4 NA 0.8 1.2 
RP 50.4 18.7 15.0 8.4 8.5 42 3.1 1.6 1.9 2.1 1.5 1.5 0.8 1.2 
ae 526 20.5 14.7 8.4 NA 4.2 3.0 1.6 2.0 1.9 1.4 NA 0.8 1.1 
53.1 21.0 15.1 8.9 NA 4.1 3.0 1.6 2.0 2.0 1.4 NA 0.8 1.1 
re 51.9 21.5 15.7 9.1 8.5 4.6 3.1 1.6 2.1 2.1 1.4 1.4 0.8 1.1 
er 547 223 15.9 9.4 NA 4.4 3.1 1.6 2.0 2.0 1.4 NA 0.8 1.0 
Pe 55.3 23.0 16.4 9.6 NA 4.7 3.3 1.6 2.0 2.0 1.4 NA 0.8 1.0 
Pr 58.4 24.1 17.6 9.7 9.6 45 3.5 1.6 2.0 2.1 1.4 1.5 0.7 1.0 
a 62.7 266 19.3 10.1 NA 48 3.7 1.7 2.1 2.2 1.4 NA 0.7 1.1 
are 66.5 29.1 20.4 10.3 NA 5.1 3.9 1.8 2.2 2.3 1.4 NA 0.7 1.1 
feet ....... 678 318 20.2 10.9 11.4 5.8 4.4 1.8 2.3 2.3 1.5 1.8 0.8 1.2 
a 69.2 34.3 20.9 12.0 NA 6.1 4.7 1.8 2.4 2.4 1.6 NA 0.9 1.3 
Se 73.6 36.9 21.0 12.6 11.1 6.4 48 1.9 2.5 2.4 1.7 1.7 0.9 1.3 
79.0 39.4 21.4 13.3 NA 6.8 5.1 1.9 2.6 2.4 1.7 NA 1.0 1.3 
Ph kakeee 849 43.2 23.2 13.7 11.8 7.6 5.5 2.0 2.8 2.6 1.8 1.7 1.1 1.4 
eer 85.2 43.6 23.6 13.7 13.0 7.9 5.8 1.9 2.7 2.6 1.8 1.8 1.1 1.4 
86.2 46.6 25.2 14.2 13.3 8.6 5.8 1.9 2.8 2.7 1.8 1.8 1.1 1.4 
1988....... 90.1 49.8 26.0 14.6 14.1 8.9 5.9 1.9 2.8 2.7 1.8 1.8 1.1 1.3 
Pes 40644 92.3 54.1 26.8 15.6 14.4 9.3 5.9 1.9 3.0 2.7 1.8 1.8 1.2 1.3 
1990....... 94.1 58.6 26.6 16.1 14.5 10.2 6.2 1.9 3.0 2.6 1.9 1.8 1.3 1.4 
rer 90.0 60.2 28.3 16.6 13.2 10.9 6.2 1.9 3.0 2.7 1.9 1.7 1.3 1.4 


NA = Not available 


'Nondefense R&D expenditures are total R&D expenditures—generally as reported by the R&D performers (see appendix table 4—-35)—minus goverment R&D funds 
for defense purposes (see appendix table 4—39)—generally taken from national budget documents; that is, as reported by the R&D funders. Conversions of foreign 
currencies to U.S. dollars ave calculated with Organisation for Economic Co-operation and Development purchasing power parity exchange rates. (See appendix table 
4-2.) Constant 1987 dollars are based on the U.S. Department of Commerce calendar year GDP implicit price deflators. (See appendix table 4-1.) 


2German data are for the former West Germany only. 


SOURCES: Science Resources Studies Division, National Science Foundation, international Science and Technology Update (Washington. DC: NSF. periodic series): 
Organisation for Economic Co-operation and Development Main Science and Technology Indicators database; and national sources. 


See figures 4—7 and 4-8. Science & Engineering Indicators - 1993 
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Appendix table 4—37. 
international R&D expenditures, by performing sector and source of funds: 1991 

Sources of R&D funds —— 

Higher Private distribution, 
R&D performer Total Industry Government education nonprofit Foreign performers 
Japan (in billions of current yen) 
ee 13,769 10,005 2,546 1,116 91 12 100.0% 
es 6s bak kek a 9,743 9,589 134 0 10 10 70.8 
Government ............. 1,047 23 1,023 0 0 0 7.6 
Higher education.......... 2,406 55 1,233 1,115 3 0 17.5 
Private nonprofit .......... 573 338 156 0 78 2 4.2 
Percent distribution, sources. . 100.0% 72.7% 18.5% 8.1% 0.7% 0.1% 
Germany (in millions of current deutsche marks) 
0 ee eee 72,840 43,640 27,070 0 400 1.730 100.0% 
ee ee 49,850 42,580 5,510 = 160 1,600 68.4 
Government ............. 11,100 100 10,710 — 170 120 15.2 
Higher education.......... 11,560 900 10,660 _ —_— —_ 15.9 
Private nonprofit .......... 330 60 190 — 70 10 0.5 
Percent distribution, sources. . 100.0% 59.9% 37.2% 0.0% 0.5% 2.4% 
France (in millions of cur. 2nt francs)' 
0 rere res ee re 157,203 68,390 75,864 437 668 11,844 100.0% 
TTT Teer ere 94,997 65,631 18,765 9 32 10,560 60.4 
Government ............. 38,006 1,430 35,372 46 29 1,129 24.2 
Higher education.......... 22,905 1,112 21,281 359 18 135 14.6 
Private nonprofit .......... 1,295 217 446 23 589 20 0.8 
Percent distribution, sources. . 100.0% 43.5% 48.3% 0.3% 0.4% 7.5% 
United Kingdom (in millions of current pounds) 
Sr erTT TT err re 11,940 5,980 4,120 90 360 1,390 100.0% 
0 eee ee 7,770 5,390 1,140 — — 1,240 65.1 
Government ............. 1,640 190 1,360 _ 60 30 13.7 
Higher education.......... 1,940 160 1,380 90 210 100 16.2 
Private nonprofit .......... 590 240 240 — 90 20 49 
Percent distribution, sources. . 100.0% 50.1% 34.5% 0.8% 3.0% 116% 
Italy (in billions of current lire) 
PPT TTTerrereere 19,659 8,794 10,227 0 0 638 100.0% 
ck e464 604006046 10,968 8,614 1,792 — — 562 55.8 
I 4,791 87 4,665 — — 39 24.4 
Higher education.......... 3,900 93 3,770 — — 37 19.8 
Private nonprofit .......... — — — — _— — 0.0 
Percent distribution, sources .... 100.0% 44.7% 52.0% 0.0% 0.0% 3.2% 
Canada (in millions of current dollars) 

Dc eeeesevseeeeeees 9,737 3,994 4,347 199 250 947 100.0% 
OTe rrieririre 5,184 3,795 471 — —_— 918 53.2 
ee 1,915 29 1,879 — — 7 19.7 
Higher education.......... 2,527 158 1,955 199 202 13 26.0 
Private nonprofit .......... 111 12 42 —_ 48 9 1.1 


Percent distribution, sources. . 100.0% 41.0% 44.6% 2.0% 2.6% 9.7% 


‘Data for France are for 1990. 
SOURCE: Organisation for Economic Co-operation and Development, unpublished tabulations. 
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Appendix table 4—38. 
R&D expenditures in the United States, by performing sector and domestic and foreign source of funds: 
1980, 1987, and 1990 


Sources of R&D funds 


Percent 
Higher Private distribution, 
R&D performer Total Industry Government education nonprofit Foreign performers 
——______-______-__----——-Millions of dollars —-_——_-_--——_-—-- — 

Total 1980 expenditures...... 62,610 29,395 29,461 1,334 903 1,517 100.0% 
iti h eis oe hee es.0% 44,505 28,959 14,029 —_ _ 1,517 71.1 
Government............. 7,632 _ 7,632 — — - 12.2 
Higher education ......... 8,323 236 6,350 1,334 403 — 13.3 
Other nonprofit........... 2,150 200 1,450 — 500 — 3.4 

Percent distribution, sources.... 100.0% 46.9% 47.1% 2.1% 1.4% 2.4% 

Total 1987 expenditures...... 125,353 58,146 57,912 3,192 1,606 4,497 100.0% 
6464064464808 92,155 56,906 30,752 —_ — 4,497 73.5 
Ce ek 4404006 13,413 — 13,413 _ _— — 10.7 
Higher education ......... 16,360 790 11,547 3,192 831 — 13.1 
Other nonprofit........... 3,425 450 2,200 — 775 — 2.7 

Percent distribution, sources.... 100.0% 46.4% 46.2% 2.5% 1.3% 3.6% 

Total 1990 expenditures...... 146,434 67,311 63,996 4,356 2,368 8,403 100.0% 
Se eee 104,606 65,577 30,626 — — 8,403 71.4 
Government............. 16,002 — 16,002 — _ — 10.9 
Higher education ..... ... 21,176 1,134 14,468 4,356 1,218 — 14.5 
Other nonprofit........... 4,650 600 2,900 — 1,150 — 3.2 

Percent distribution, sources.... 100.0% 46.0% 43.7% 3.0% 1.6% 5.7% 


NOTE: Foreign sources represent funding from companies located in the United States with foreign ownership of 50 percent or more. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, National Patterns of R&D Resources: 1992, NSF 92-330 (Washington, DC: 
NSF, 1992); SRS, unpublished tabulations; and Bureau of Economic Analysis, unpublished tabulations. 
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Appendix table 4—39. 
Distribution of government R&D budget appropriations, by socioeconomic objective: 1992 
United United 
Objective States Japan Germany France Kingdom Italy Canada 
Percent 
Dit tneh ec deeeendaecaed ees 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Agriculture, forestry, and fishing........ 2.2 3.6 2.7 4.0 4.0 2.6 12.6 
Industrial development .............. 0.3 3.9 13.3 12.6 7.9 14.3 9.9 
DAC PARA ESGE S44 04440400005 4.5 21.3 4.7 3.1 2.0 3.7 5.8 
Ee 2.2 1.9 1.9 1.0 1.7 0.7 4.7 
Transport and telecommunications... . . 2.0 1.5 0.4 NA NA NA 3.5 
Urban and rural planning............ 0.2 0.3 1.4 NA NA NA 1.1 
Environmental protection............. 0.7 0.5 3.6 0.7 1.6 2.1 1.6 
Eee eT TTT Tree 14.7 0.5 3.6 0.7 1.6 2.1 1.6 
Social development and services....... 1.3 2.9 3.3 3.4 6.0 6.2 7.9 
Earth and atmosphere .............. 1.2 1.0 2.6 0.4 2.4. 48 2.4 
Advancement of knowledge........... 3.9 50.8 48.1 26.9 22.5 46.3 36.3 
Advancement of research........... 3.9 8.3 13.5 14.9 4.9 9.4 15.4 
General university funds............ ~ 42.5 34.6 12.0 17.6 36.9 20.8 
EES Te ee Ty ee eT eee 9.6 7.1 5.9 8.4 3.1 7.2 6.9 
DP Step eh eedeekeeiedendeear 59.4 5.9 10.5 37.4 46.2 7.3 7.0 
Not elsewhere classified............. 0.0 0.0 0.7 0.4 0.3 3.5 1.7 


NA = not separately available but included in subtotal; — = the United States does not have an equivalent to Europe’s and Japan's general university funds 


NOTES: Percentages may not add to 100 because of rounding. U.S. data are based on budget authority. Because of general university funds and slight differences 
in accounting practices, the distribution of government budgets among socioeconomic objectives may not completely reflect the actual distribution of government- 
data are based on science and technology budget data, which include items other than R&D. Such items are a 
small proportion of the budget, and therefore the data may still be used as an approximate indicator of relative government emphasis on R&D by objective. Data for 


funded research in particular objectives. Japanese 


Canada and France are for 1991. 


SOURCES: Science Resources Studies Division, National Science Foundation /nternational Science and Technology Update (Washington, DC: NSF, annual series); 
Organisation for Economic Co-operation and Development Main Science and Technology Indicators database; and national sources. 


See figure 4—12. 
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Appendix table 4—40. 8 
Company-financed R&D performed abroad by U.S. companies and their foreign subsidiaries, by industry: 1980-91 


(page 1 of 2) to 
industry 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Millions of current dollars 
Se ae a ee a 3,165 3,393 3,094 3,269 3,633 3,650 4.624 5,226 6,295 6,814 7,727 8,690 
| 

Food, kindred, and tobacco products ............ 54 62 64 63 70 75 69 37 27 41 40 63 
Chemicals and allied products................. 603 715 682 729 786 843 1,071 1,243 1,501 1,504 1,990 2,323 

industrial and other chemicals ................ 246 287 319 368 385 444 579 625 781 508 547 701 | 

Drugs and medicines....................... 357 42%) 363 361 401 399 492 618 720 996 1,443 1,622 
Petroleum refining and extraction............... 141 194 133 103 101 47 40 47 58 45 71 97 
Stone, clay, and glass products ................ 21 18 10 19 60 NA NA NA NA NA 263 NA | 
I iA eae oo 5g 4406444000000 11 9 9 10 9 NA NA 18 24 26 30 24 | 
Fabricated metal products.................... NA 30 25 23 21 21 26 40 NA 46 65 NA 
Eh teh R hes be ed h 0k bes OSE Cees ee 599 612 494 577 740 689 951 1,233 1,364 1,515 1,580 1,653 
Electrical equipment ....................06.. 451 475 467 482 537 591 NA 432 669 574 671 620 
Transportation equipment .................... 1,020 884 843 880 907 1,025 NA NA 1,801 NA NA NA 
Professional and scientific instruments ........... 186 230 237 NA 263 169 212 317 393 449 563 588 
Nonmanufacturing industries .................. 7 8 7 10 8 18 27 64 95 108 114 139 

; Millions of constant 1987 dollars’ 

TTT  TeSTeTeeeCTTT: oP TTT TT Tee 4,414 4,300 3,692 3,749 3,992 3,867 4,772 5,226 6,059 6,280 6,826 7,377 
Food, kindred, and tobacco products ............ 75 79 76 72 77 79 71 37 26 38 35 53 
Chemicals and allied products ................. 841 906 814 836 864 893 1,105 1,243 1,445 1,386 1,758 1,972 

industrial and other chemicals ................ 343 364 381 422 423 470 598 625 752 468 483 595 

Drugs and medicines....................... 498 542 433 414 441 423 508 618 693 918 1,275 1,377 
Petroleum refining and extraction............... 197 246 159 118 111 50 41 47 56 41 63 82 
Stone, clay, and glass products ................ 29 23 12 22 66 NA NA NA NA NA 232 NA 
Vtech Bee ec eeess eens eecc ees 15 11 11 11 10 NA NA 18 23 24 27 20 
Fabricaied metal products.................... NA 38 30 26 23 22 27 40 NA 42 57 
ST Ach4s KONG GS6HS 60006000000 004 0% 835 776 589 662 813 730 981 1,233 1,313 1,396 1,396 1,403 
TD 2 4 6.6660 66004664606 60006608 629 602 557 553 590 626 NA 432 644 529 593 526 
Transportation equipment .................4.5. 1,423 1,120 1,006 1,009 997 1,086 NA NA 1,733 NA NA NA 
Professional and scientific instruments ........... 259 292 283 NA 289 179 219 317 378 414 497 499 
Nonmanufacturing industries .................. 10 10 8 11 3 19 28 64 91 100 101 118 


sejqe| xipueddy ‘y xipueddy 


Appendix table 4-40. 4) 
Company-financed R&D performed abroad by U.S. companies and their foreign subsidiaries, by industry: 1980—91 o 
(page 2 of 2) 5 
= 
Industry 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 3 
U.S. overseas R&D performance as a percentage of company-financed domestic R&D 3 
ne a a 10.4 9.6 7.7 7.3 7.1 6.4 7.7 8.5 9.6 9.7 10.4 11.3 >. 
© 
Food, kindred, and tobacco products ............ NA 9.7 8.2 7.6 6.5 6.6 5.4 3.1 2.3 3.2 3.1 46 = 
Chemicals and allied products ................. 14.1 13.7 11.0 10.7 10.2 10.1 12.4 13.2 14.2 13.2 16.2 17.7 S 
industrial and other chemicals ................ 9.8 9.1 8.6 9.4 8.7 9.2 11.6 11.7 13.4 8.2 7.3 10.0 S 
hh torch sc ececeseeueees 20.3 20.7 14.7 12.5 12.1 11.5 13.5 15.1 15.2 19.3 26.9 26.8 \ 
Petroleum refining and extraction............... 10.1 10.9 6.6 5.0 45 2.1 2.0 25 3.0 2.2 3.4 43 = 
Stone, clay, and glass products ................ NA 4.4 2.1 3.2 8.5 NA NA NA NA NA 29.4 NA ® 
eee nec cc veveseeeonbeve 1.9 1.3 1.3 1.4 1.3 NA NA 25 3.7 3.6 3.7 29 | 
Fabricated metal products .................... NA 5.5 44 3.6 2.7 2.7 3.2 6.3 NA 6.9 10.1 
Ee ekki co cnccccedeneeedees 11.4 10.0 6.8 7.3 7.9 6.4 8.9 11.7 11.4 11.2 11.5 11.8 
Electrical equipment ........................ 8.3 7.4 7.0 59 59 6.4 NA 41 6.0 49 5.5 5.0 
Transportation equipment .................... 14.7 11.4 9.8 9.8 8.7 <5 NA NA 12.7 NA NA NA 
Professional and scientific instruments ........... 7.6 7.7 7.0 NA 6.2 3.7 45 6.4 74 8.0 9.2 9.0 | 
Nonmanufacturing industries .................. 0.7 0.8 0.5 0.5 0.2 0.4 0.6 1.2 1.8 1.9 1.7 2.0 | 
NA = not available 


‘See appendix table 4—1 for GDP implicit price defiators used to convert current dollars to constant 1987 dollars. 
SOURCE: Science Resources Studies Division, National Science Foundation, Research an.‘ Development in industry: 1991 (Washington, DC: NSF. forthcoming). 
See figure 4-28. Science & Engineering indicators - 1993 
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Appendix table 4-41. 
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R&D expenditures performed for majority-owned foreign affiliates of U.S. parent companies, 


by country: 1982 and 1989-91 


Country 1982 1989 1990 1991 
Millions of current U.S. dollars ——--------— 
EE ee ee ee 3,647 7,048 10,187 9,358 
RS it ded baie area 545 914 1,159 1,037 
ee 2,591 5,178 7,952 7,109 
ED S60 6'0-9:40.944-90.00%8 181 317 388 383 
NR aide A niin een i eto 263 545 882 871 
0 893 1,496 2,561 2,503 
Eee 31 134 539 573 
OS 136 294 476 327 
The Netherlands........... 101 360 459 477 
ee 36 115 103 100 
BWOGON 0. ww ce 29 33 130 83 
Switzerland............... 51 67 76 91 
United Kingdom ........... 805 1,673 2,221 1,612 
Other European countries .... 65 144 117 89 
Asia and the Pacific.......... 294 760 846 914 
Dh cc¢2540000504088% 120 181 197 144 
hs s6ebs4409040404% 104 488 512 595 
Singapore................ D 25 54 87 
Other Asian and Pacific 
62445064 600084 D 247 83 88 
Latin America and other 
Western Hemisphere ....... 179 153 201 253 
ie? +te6e4640045% 60 96 90 113 149 
ee 38 37 53 64 
Other Latin America countries . 45 26 35 40 
Middle East ............... 11 32 16 30 
TT TTT TTT TTT Tee 26 11 13 15 
Rit. oh os be 00 b4% 23 e 10 12 
Other African countries ...... 3 2 3 3 


D = withheld to avoid disclosing operations of individual companies 


NOTES: Data include foreign direct investments of nonbank U.S. affiliates only and R&D expenditures conducted by and for the 
foreign affiliates. The data exclude expenditures for R&D conducted for others under a contract. The expenditures reported 


here differ from those in appendix table 4—40. 


SOURCE: Bureau of Economic Analysis, U.S. Direct Investment Abroad (Washington, DC: BEA, annual series). 
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Appendix table 4—42. 

Distribution of strategic technology alliances between economic biocs, by technology: 1980-84 and 1985-89 

on U.S.—Europe U.S.—Japan U.S.—Japan 
Technology 1980-84 1985-89 1980-84 1985-89 1980-84 1985-89 
eek ee een eed} eae ee. 338 586 272 307 100 149 
ee 58 124 45 54 5 20 
eee eee 32 52 16 40 15 23 
a ota dt dah Dh fe eh i 6h 0 158 256 133 132 57 57 
ee a ek ay 4 ft mt 10 24 10 39 6 16 
Aviation/defense .............. ~~ 24 31 7 3 1 0 
i ae ee) we wie 31 54 35 28 14 21 
Food and beverages ................. 3 4 0 2 2 2 
Heavy electrical equipment............ 13 22 9 4 0 4 
Instruments/medical................. g 19 17 5 0 6 


SOURCE: John Hagedoorn and Jos Schakenraad, “Strategic Technology Partnering and International Corporate Strategies,” in European Competitiveness, Kirsty 
Hughes, ed. (Cambridge, United Kingdom: Cambridge University Press, 1993). 


See figure 4-27. Science & Engineering Indicators — 1993 
Appeiidix table 4—43. 
Percentage of industrial R&D performance financed from foreign sources, by selected country: 1981-91 
United United 
States Canada France Germany’ Italy Japan Kingdom 
Percent 
hh 6b040484400006004000045 6.2 7.4 7.2 1.2 4.3 0.1 8.7 
ci ckenheesGcehbavdeseseeas 6.5 10.7 48 1.3 4.7 0.1 NA 
PPC TTC Te CCT eT Te TCT e 6.5 16.7 4.6 1.4 4.3 0.1 6.8 
4 4454000-446004000000044404 6.5 17.2 6.5 1.5 6.2 0.1 NA 
SL ¢.4 444000004 4060000%4540000: 6.4 14.3 6.9 1.4 6.1 0.1 14.1 
SPT TCT Tee eee Te 6.8 13.7 8.0 1.4 7.3 0.1 12.2 
eT TT er eee eer Ts Tae e 7.3 16.9 8.7 1.5 6.9 0.1 12.0 
 PPPPTTT CCT TET TCT ETTET 8.2 18.1 9.2 2.1 6.6 0.1 12.0 
Pe ccieeeneedontseeenenesens 9.5 16.9 10.9 2.7 6.5 0.1 13.4 
ke ¢ nes 6400050464 0400000-004 11.1 17.7 114.1 3.0 7.3 0.1 15.5 
EE ee ree ere TT eee TT Te NA 17.7 NA 3.1 5.1 0.1 16.0 


NA = not available 
NOTE: For the United States, foreign expenditures are from companies with at least 10 percent foreign ownership. 
‘German data are for the former West Germany only. 


SOURCE: Organisation for Economic Co-operation and Development, Main Science and Technology Indicators database: and Bureau of Economic Analysis, Foreign 
Direct Investment in the United States (Washington, DC: BEA, annual series). 
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Appendix table 4-44. g 
Foreign R&D expenditures in the United States, by industry and country: 1977-90 


4 
Industry and country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Millions of current dollars 
eee hed Oke oes ee ad eRe 933 1,230 1,584 1,946 3,110 3,744 4.164 4,738 5,240 5,804 6,521 7,834 9,465 11,324 
Expenditures by industry 
Ee ee 851 1,099 1,450 D 2,898 3,388 3,863 4,424 4,866 5,391 5,884 7,267 8,785 10,257 | 
eek a 6 4 OO eA OOOO 8 108 158 149 D 253 255 310 366 388 380 311 364 387 520 
Food and kindred products................... 7 16 14 19 32 39 44 43 51 54 58 106 187 204 | 
Chemicals and allied products ................ 483 604 773 834 1,580 1,870 2,037 2,349 2,627 2,782 3,220 3,719 4,371 5,183 
UII GUIS. ee eee 181 234 308 454 1,085 1,329 1397 1,620 1,836 1,657 1,899 2.126 2,284 2,521 
tik ns 6 bw 44 e840 4.96408 04 448 127 176 201 146 179 170 181 200 228 167 230 276 252 287 
SID, gcc eee ec ceeeees 175 194 264 234 316 371 459 529 563 958 1,091 1,318 1,835 2,375 
Primary metal industries..................... 16 11 15 24 71 79 59 66 102 97 91 102 155 164 
Fabricated metal products ................... 21 16 30 21 20 28 82 54 64 76 67 106 209 163 
Machinery, except electrical.................. 69 94 129 189 284 297 350 355 342 286 476 692 1,070 1,138 | 
Office and computing machines .............. NA NA NA NA NA NA NA NA NA NA 370 497 622 748 
EE are NA NA NA NA NA NA NA NA NA NA 106 195 448 390 
rr 98 131 229 318 385 505 613 799 977 1,366 1,105 1,389 1,371 1,839 
Transportation equipment ................... 4 4 26 101 136 150 92 95 83 124 76 225 265 190 ! 
Professional and scientific instruments .......... 15 18 28 32 52 47 42 42 58 112 279 242 366 371 
Nonmanufacturing industries .................. 82 131 134 D 212 356 301 314 374 413 637 567 680 1,067 
Pere ee ee eee ee ee ee 19 20 14 37 43 41 51 60 54 77 243 69 108 183 
MSEC CUTECTT COCO TATTLE ECT LTTE TTTTe 63 111 120 D 169 315 250 254 320 336 394 498 572 884 
Expenditures by country 
ee ee ee ee ee ee 74 85 102 135 777 1,032 1.212 1,405 1,550 1,542 1,666 1,804 1,758 1,955 
 — EPTESTOSCTTC EC ECOCCE CEST ELE EE TT 790 996 1,253 1,544 1,936 2,229 2,324 2,632 2,918 3,450 3,881 4,754 6,022 7,412 
EPCOT TS TET CECE TEER ETT COTES TE 62 89 56 146 204 232 215 261 166 352 366 435 572 810 
MEST CCC CST TSE T CCT ET TCE L ET TT 101 189 311 380 436 529 591 602 671 851 1,139 1,242 1,503 1,754 
is 6+ ¢¢4b06444 04428000008 00% 190 215 244 299 373 397 387 432 514 517 542 618 703 805 
PTC T TUT TERE TER OCLCRE CT EETCLT 10 12 14 36 53 54 62 63 116 141 128 166 214 259 
TTT ETT TEEPE EEE LETT Tee 241 287 352 338 416 447 463 546 625 744 765 962 1,195 1,657 
ETT CLEP TERE CEEE CETL ET LE 155 176 252 312 405 520 559 664 748 764 833 1,171 1,645 1,864 
Other European countries ................... 31 28 24 33 49 50 47 64 78 81 108 160 2,968 3,632 
eee A Oe 844664400 440060005040008-8'8% 23 54 77 88 142 141 171 210 267 292 307 571 822 1,215 
 — TTC TTT TT ESET TT TT TET eT Ty 35 73 132 D D D 401 423 427 427 391 352 400 381 
ETT TTT ee ee ee eT ee ee ee 11 22 20 D D D 56 68 78 93 276 353 463 361 
Millions of constant 1987 dollars? ; g 
FT eeeer ee Te ee eee eee Te eee ee ee 1,669 2,040 2,415 2,714 3,942 4,468 4,775 5,207 5,551 5,990 6,521 7,540 8,724 10,004 a 
D = withheld to avoid disclosing operations of individual companies; NA = not available > 
NOTES: Includes foreign direct investments of nonbank U.S. affiliates with 10 percent or more foreign ownership. Excludes expenditures for R&D conducted for others under a contract. g 
‘German data are for the former West Germany only. 2 
?See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. >! 
SOURCE: Bureau of Economic Analysis, Foreign Direct Investment in the United States (Washington, DC: BEA, annual series). Sa 
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Appendix table 4—45. 
R&D expenditures in the United States by majority-owned U.S. affiliates of foreign companies, 
by industry of affiliate and country of ultimate beneficial owner: 1980 and 1987-90 


Industry and country 1980 1987 1988 1989 1990 
Millions of current dollars 
Ee ear ey Keesen 1,517 4,497 5,485 6,720 8,403 
° Expenditures by industry 
EE 1,420 4,092 5,112 6,293 7,703 
Food and kindred products .................. 19 58 105 185 201 
Chemicals and allied products................ 733 D D D D 
Industrial and other chemicals ............... 501 D D D D 
Drugs and medicines...................... 232 1,075 1,293 1,806 2,365 
nies. «seeks 40¢.0.6.9460040088 175 283 339 378 491 
eRe ee 64400804444 R 8 8 50 98 117 153 
Stone, clay, and glass products ............... 10 32 61 62 113 
Primary metal industries .................... D 38 37 75 70 
Fabricated metal products................... D 62 100 201 150 
Machinery, except electrical.................. 92 D 446 556 639 
Computer and office equipment.............. 28 D 285 295 371 
ESET errr Tre TenTT TTT ee 65 79 161 260 267 
Electrical and electronic equipment ............ 285 D 1,114 1,078 1,558 
Household audio & video, and 
communications equipment................. 66 555 777 721 999 
Electronic components andother............. 219 D 337 357 559 
Transportation equipment .................... 10 D D D 100 
Professional and scientific instruments.......... 28 254 210 295 283 
Nonmanufacturing industries.................. 97 405 373 427 700 
Ach A bbe 4404 0449604600080 60485 5 59 42 77 75 
TT TTT ET ETT TL ee 69 312 300 297 567 
Motor vehicles and equipment............... D 86 67 71 283 
EE 6b F000 4644004 0000000008 5 71 107 D 106 
EPL TCT ITER TCEEPERELELTLTTT Te 23 34 31 53 58 
Expenditures by country 
ESOT TTC TST TTETETETETET TTT Tae 113 D D D D 
ese cke heed ds 00-004400000004000080 1,217 3,458 4,241 5,414 6,669 
ccs PPR TGAS 04-0440 0004008000 4R8 8S 39 332 402 510 767 
OPT UT TET UTEUTEPCLULT LTE LCR 281 824 963 1,216 1,422 
VET TCT TET ETE LETLELEL CC TTE LCT D D 73 93 92 
ee ee ee D 540 615 690 779 
TTT CCT LULCTTCCTTTTTCer ee D 124 160 205 249 
re AS «ks bO449 4600 4044000000004 329 D D 1,060 1,455 
TTT TTT TTT TTT Tee ee 247 790 1,085 1,568 1,786 
Other European countries ................... 16 47 D 72 119 
a D 179 345 412 777 
TT TTT CTCL CLT TEULIETTETETeree 2 5 4 9 14 
DPCP iSeh Chk ced eehadaes k 424044400000 D 133 282 369 695 
Other Asian and Pacific countries.............. D 41 59 34 68 
Latin America and other western hemisphere ..... . 155 329 302 352 315 
Ferree eT re ree eee ee ee 2 14 9 10 10 
MPO TTETICIEL TE CTCL CLT TET TTET Ee D D D D D 
TTT PT TTT TTT TTT TTT Te ee D D D D 4 
Other African countries ..................... D D 0 0 D 
Millions of constant 1987 dollars? 
EE ee ee ee ee ee ee eT ee ee ee 2,116 4,497 5,279 6,194 7,423 


D = withheld to avoid disclosing operations of individual companies; NA = not available 


NOTES: Includes foreign direct investments of nonbank U.S. affiliates with 50 percent or more foreign ownership. These R&D expenditures are a 
subset of total foreign R&D expenditures, reported in appendix table cludes expenditures for R&D conducted for others under a contract. 


‘German data are for the former West Germany only. 
?See appendix table 4—1 for GDP implicit price deflators used to co dollars to constant 1987 dollars. 
SOURCE: Bureau of Economic Analysis, special tabulations. 
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Appendix table 4—46. 
Government funding of academic and academically related research, by field and country: 1987 

United West United The Unweighted 
Field States Japan Germany France Kingdom Canada Netherlands Australia average 

Millions of constant U.S. 1987 dollars’ 
0 Ee ee 14,904 3,736 4,037 3,212 2,787 1,267 958 738 — 
Percent 

Bemnmarins.. . . wee 13.2 21.6 12.5 11.2 15.6 11.9 11.7 7.9 13.2 
Physical sciences..... ..... 15.6 14.5 25.1 29.7 20.3 13.7 21.7 13.7 19.3 
Environmental sciences ...... 5.8 3.7 45 5.3 6.3 3.7 2.8 9.4 5.2 
Math & computer sciences .... 4.0 2.3 3.9 5.4 7.5 5.2 3.5 42 45 
ss heen aks 6 4 48.9 33.7 36.7 34.7 31.0 38.2 32.7 36.0 36.5 
Social sciences and psych... .. 5.1 3.9 5.2 46 6.7 10.3 10.4 12.2 7.3 
Professional & vocational ..... 3.3 9.9 5.0 2.1 5.8 8.7 8.5 6.4 6.2 
Arts and humanities ......... 2.8 9.6 6.2 6.8 6.6 75 8.6 10.1 7.3 
Multidisciplinary® ........... 1.5 0.8 0.8 0.1 0.3 0.9 0.1 0.0 0.6 


‘Conversions of foreign currencies to U.S. dollars were calculated with the Organisation for Economic Co-operation and Development purchasing power parity 


exchange rates available in early 1989. 
?Research not elsewhere classified. 


SOURCE: B.R. Martin and J. Irvine, “Trends in Government Spending on Academic and Related Research: An International Comparison.” Science and Public Policy. 


Vol. 19, No. 5:315. 
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Appendix table 5—1. % 
Expenditures for academic basic research, applied research, and development: 1960-93 3 
Total Basic Applied Develop- Total Basic Applied Develop- Basic Applied Develop- Qo 
academic R&D _—sresearch research ment academic R&D —_—sresearch research ment research research ment 3 
Millions of current dollars Millions of constant 1987 dollars’ Percentage of total 3 
Pe 646 433 179 34 2,475 1,659 686 130 67.0 27.7 5.3 2 
SR 763 536 192 35 2,901 2,038 730 133 70.2 25.2 4.6 4 
cae hae 904 659 205 40 3,373 2,459 765 149 72.9 22.7 4.4 a 
Er 1,081 814 227 40 3,974 2,993 835 147 75.3 21.0 3.7 8 
PERS RT 1,275 1,003 232 40 4,620 3,634 841 145 78.7 18.2 3.1 Ss 
ae woe 1,474 1,138 279 57 5,208 4,021 986 201 77.2 18.9 3.9 ' 
1966.......... 1,715 1,303 328 84 5,893 4,478 1,127 289 76.0 19.1 4.9 ~ 
eee 1,921 1,457 374 90 6,382 4,841 1,243 299 75.8 19.5 4.7 8 
1968.......... 2,149 1,650 403 96 6,888 5,288 1,292 308 76.8 18.8 45 
1969.......... 2,225 1,711 407 107 6,784 5,216 1,241 326 76.9 18.3 4.8 
ee 2,335 1,796 427 112 6,749 5,191 1,234 324 76.9 18.3 4.8 
re 2,500 1,914 474 112 6,887 5,273 1,306 309 76.6 19.0 45 
ee 2,630 2,022 524 84 6,885 5,293 1,372 220 76.9 19.9 3.2 
seer 2,884 2,053 713 118 7,174 5,107 1,774 294 71.2 24.7 4.1 
ey 3,022 2,153 736 133 6,979 4,972 1,700 307 71.2 24.4 4.4 
ss SEeearee 3,409 2,410 851 148 7,162 5,063 1,788 311 70.7 25.0 4.3 
Pearse: 3,729 2,549 1,016 164 7,283 4,979 1,984 320 68.4 27.2 4.4 
ere 4,067 2,800 1,067 200 7,341 5,054 1,926 361 68.8 26.2 4.9 
= eeree 4,625 3,133 1,184 308 7,760 5,257 1,987 517 67.7 25.6 6.7 
Prey 5,380 3,628 1,313 439 8,315 5,607 2,029 679 67.4 24.4 8.2 
eee 6,077 4,042 1,536 499 8,608 5,725 2,176 707 66.5 25.3 8.2 
6,847 4,593 1,731 523 8,801 5,904 2,225 672 67.1 25.3 7.6 
ere 7,323 4,878 1,858 587 8,760 5,835 2,222 702 66.6 25.4 8.0 
re 7,881 5,303 1,988 590 9,059 6,095 2,285 678 67.3 25.2 7.5 
re 8,620 5,732 2,254 634 9,483 6,306 2,480 697 66.5 26.1 7.4 
0 are 9,686 6,553 2,420 713 10,271 6,949 2,566 756 67.7 25.0 7.4 
10,928 7,490 2,629 809 11,254 7,714 2,708 833 68.5 24.1 7.4 
er 12,154 8,392 2,912 850 12,154 8,392 2,912 850 69.0 24.0 7.0 
1988.......... 13,466 8,893 3,519 1,054 12,998 8,584 3,397 1,017 66.0 26.1 7.8 
1989.......... 15,016 9,801 4,080 1,135 13,878 9,058 3,771 1,049 65.3 27.2 7.6 
Fe 16,344 10,681 4,363 1,300 14,502 9,477 3,871 1,154 65.4 26.7 8.0 
ea 17,620 11,538 4,570 1,512 15,086 9,878 3,913 1,295 65.5 25.9 8.6 
1992 (est.) ..... 19,050 12,400 4,920 1,730 15,862 10,325 4,097 1,440 65.1 25.8 9.1 
1993 (est.) ..... 20,550 13,500 5,360 1,690 16,707 10,976 4,358 1,374 65.7 26.1 8.2 
‘See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 
SOURCES: Science Resources Studies Division (SRS), National Science Foundation, National Patterns of R&D Resources: 1992, NSF 92-330 (Washington, DC: NSF, 1992); and SRS, unpublished tabulations. 
see Science & Engineering Indicators - 1993 
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Appendix table 5-2. 
Support for academic R&D, by sector: FYs 1960-93 
(page 1 of 2) 
Federal State/local Academic All other 
Total Government government Industry institutions sources 
—____________—___—_——lionss of cusvert doflars— — ———_—— 
ae 646 405 85 40 64 52 
SE eae 763 500 95 40 70 58 
Se 904 613 106 40 79 €6 
CO ee ese 1,081 760 118 41 89 73 
Se 1,275 917 132 40 103 83 
ee 1,474 1,073 143 41 124 93 
PS 60604600404 1,715 1,261 156 42 148 108 
Dc ccineeeen es 1,921 1,409 164 48 181 119 
0 eres 2,149 1,572 172 55 218 132 
0 err ree 2,225 1,600 197 60 223 145 
Serre TT 2,335 1,647 219 61 243 165 
0 eer TT 2,500 1,724 255 70 274 177 
ere re Try 2,630 1,795 269 74 305 187 
ne hheeesneeees 2,884 1,985 295 84 318 202 
A £4 5604606084 3,022 2,032 308 95 368 219 
Serre rr eS 3,409 2,288 332 113 417 259 
TTT TTT er 3,729 2,512 363 123 446 285 | 
ties eeeee eee de 4,067 2,726 374 139 514 314 
ST bbeveseeeees 4,625 3,059 414 170 623 359 
0 rer Tr Te 5,380 3,604 476 194 738 368 
TTT Te 6,077 4,104 497 236 837 403 
PPPS TTS 6,847 4,571 545 292 1,004 435 
0 TT Tere 7,323 4,768 616 337 1,111 491 
0 ATT TTT TT 7,881 4,989 625 389 1,302 576 
APPT TTT Te 8,620 5,430 690 475 1,411 614 
PPV TTTITITTE 9,686 6,063 752 560 1,617 694 
Terr eT 10,928 6,710 916 700 1,868 734 
Da ae hehe eurees 12,154 7,341 1,024 790 2,168 831 
PPT TIT TTT 13,466 8,191 1,107 872 2,355 941 
PPP TT Tre 15,016 8,991 1,235 998 2,712 1,080 
PPTL Te 16,344 9,636 1,339 1,134 3,017 1,218 
ROPES TT TTT 17,620 10,221 1,481 1,216 3,369 1,333 
1992 (est.)'........ 19,050 10,800 1,650 1,350 3,750 1,500 
1993 (est.)'........ 20,550 11,400 1,850 1,500 4,150 1,650 
<a an ‘Millions of constant 1987 dollars*——— oan 
be hieseareees 2,475 1,552 326 153 245 199 
PPPS TTTTE 2,901 1,901 361 152 266 221 
SN S2 40400064) 3,373 2,287 396 149 295 246 
0 APPT TTT . 9,974 2,794 434 151 327 268 
PPT TTree 4,620 3,322 478 145 373 301 
PPT TT ETT 5,208 3,792 505 145 438 329 
Tere rTery 5,893 4,333 536 144 509 371 
ASST TTT 6,382 4,681 545 159 601 395 
Ch $60-0404040% 6,888 5,038 551 176 699 423 
0 TTT Ey 6,784 4,878 601 183 680 442 
Perr rr ire 6,749 4,760 633 176 702 477 
eGb 060400406 6,887 4,749 702 193 755 488 
SPP Terre 6,885 4,699 705 194 798 490 
rieereisaaves 7,174 4,938 733 209 792 502 
ns +4. 6-090880065 6,979 4,693 711 219 850 506 
ETT TT 7,162 4,807 697 237 877 544 
rire 7,283 4,906 710 240 870 557 
Sree 7,341 4,921 675 251 928 567 
Py &£40eer00ea be 7,760 5,133 695 285 1,045 602 
Di eeteexedaens 8,315 5,570 736 300 1,140 569 
(continued) 
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Appendix table 5-2. 
Support for academic R&D, by sector: FYs 1960-93 
(page 2 of 2) 
Federal State/local Academic All other 
Total Government government Industry institutions SOLIFCeS 
<n Millions of constant 1987 dollars* ~ 
eee 8,608 5,813 704 334 1,186 571 
Se 8,801 5,875 701 375 1,290 559 
re 8,760 5,703 737 403 1,329 587 
0 rere 9,059 5,734 718 447 1,497 662 
0 rer 9,483 5,974 759 523 1,552 675 
re 10,271 6,429 797 594 1,715 736 
hs pha 6404404 11,254 6,910 943 721 1,924 756 
0 eee Te 12,154 7,341 1,024 790 2,168 831 
rere ee 12,998 7,906 1,069 842 2,273 908 
errr re 13,878 8,310 1,141 922 2,506 998 
0 ee 14,502 8,550 1,188 1,006 2,677 1,081 
Ase 15,086 8,751 1,268 1,041 2,884 1,141 
1992 (est.)' ........ 15,862 8,993 1,374 1,124 3,122 1,249 
1993 (est.)' ........ 16,707 9,268 1,504 1,220 3,374 1,341 
Percent —-— —-— —_—__——— 

eT ee TT 100.0 62.7 13.2 6.2 9.9 8.0 
Serer ree 100.0 65.5 12.5 5.2 9.2 76 
TTT Tere 100.0 67.8 11.7 4.4 8.7 7.3 
PTT TTTe 100.0 70.3 10.9 3.8 8.2 6.8 
PST TTT Te 100.0 71.9 10.4 3.1 8.1 6.5 
TTT TTT Te 100.0 72.8 9.7 2.8 8.4 6.3 
Terr 100.0 73.5 9.1 2.4 8.6 6.3 
 FTTerTe 100.0 73.3 8.5 2.5 9.4 6.2 
Serre Ter 100.0 73.2 8.0 2.6 10.1 6.1 
SP err Terese 100.0 71.9 8.9 2.7 10.0 6.5 
PPV T TTT TTT 100.0 70.5 9.4 2.6 10.4 7.1 
 BPPYP TTT Te 100.0 69.0 10.2 2.8 11.0 7.1 
Ps i.b4h 0040084 100.0 68.3 10.2 2.8 11.6 7.1 
errr re 100.0 68.8 10.2 2.9 11.0 7.0 
TTT Te 100.0 67.2 10.2 3.1 12.2 7.2 
PPT Te 100.0 67.1 9.7 3.3 12.2 7.6 
 SPeTTrTiriTe 100.0 67.4 9.7 3.3 11.9 76 
0 Serre ee 100.0 67.0 9.2 3.4 12.6 7.7 
Dr ehb04 6040400 100.0 66.1 9.0 3.7 13.5 78 
PPT rrr ye 100.0 67.0 8.8 3.6 13.7 6.8 
SPP eT Tare 100.0 67.5 8.2 3.9 13.8 6.6 
DPcccetsesewees 100.0 66.8 8.0 43 14.7 6.4 
SPP ETTTTTy 100.0 65.1 8.4 46 15.2 6.7 
SEs 664080084468 100.0 63.3 7.9 4.9 16.5 7.3 
 PPNerrerrry 100.0 63.0 8.0 5.5 16.4 7.1 
De bwsdevaewds 100.0 62.6 78 5.8 16.7 7.2 
rere e rr 100.0 61.4 8.4 6.4 17.1 6.7 
eS 660464400048 100.0 60.4 8.4 6.5 17.8 6.8 
PPT eT TTT Te 100.0 60.8 8.2 6.5 17.5 7.0 
SPSS TITTY 100.0 59.9 8.2 6.6 18.1 7.2 
Pere TTT Tee 100.0 59.0 8.2 6.9 18.5 7.5 
TTT TTT ae 100.0 58.0 8.4 6.9 19.1 7.6 
1992 (est.)' ........ 100.0 56.7 8.7 7.1 19.7 7.9 
Voup emer ........ 100.0 55.5 9.0 7.3 20.2 8.0 


‘Relative amounts of funds from state and local governments and from academic institutions are estimated from previous year's ratio. 
2See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, 
Detailed Statistical Tables, NSF 93-308 (Washington, DC: NSF, 1993); and SRS, annual series. 


See figure 5-3. Science & Engineering Indicators — 1993 


=? | —__—_ ee eee 


ix table 5-3. 
Sources of R&D funds at private and public institutions, by sector: 1981 and 1991 


Year and Federal State/local Academic Other 

institution type Total Government government industry institutions sources 
a naaeaeeeene 

1961 

Dk cseteneces 2,458 1,941 47 111 183 176 

ee 4,389 2,630 499 180 821 259 

1991 

0 5,845 4,177 144 417 576 531 

ES 5c bs aes 11,776 6,044 1,339 799 2,792 802 

—Percent - _ . emma 

1981 

ee 100.0 79.0 1.9 45 7.4 7.1 

eer 100.0 59.9 11.4 4.1 18.7 5.9 

1991 

ee 100.0 71.5 2.5 7.1 aa 9.1 

0 100.0 51.3 11.4 6.8 23.7 6.8 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, 
Detailed Statistical Tables, NSF 93-308 (Washington, DC: NSF, 1993); and SRS, annual series. 
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Appendix table 5—4. 
R&D expenditures at the top 100 academic institutions, by source of funds: 1991 
(page 1 of 2) 
Institution Federal State/local Academic All other 
Rank and academic institution type Total Government government industry institutions sources 
Millions of dollars 
Total, all institutions'.................... 17,181 9.791 1,483 1,216 3,359 1,333 
1 University of Michigan-all campuses. ...... Public 364 206 3 31 94 29 
2 University of Minnesota-all campuses...... Public 331 165 54 19 61 33 
3 University of Wisconsin-Madison ......... Public 326 184 57 13 47 26 
4 Massachusetts Institute of Technology ..... Private 319 238 3 46 9 23 
FF £ (FIRES SR SS Sst Private 310 242 1 12 37 18 
6 Cornell University-all campuses .......... Private 310 173 41 17 55 23 
7 Texas A & M University-all campuses...... Public 288 98 78 23 78 11 
8 University of Washington............... Public 274 221 6 26 18 4 
9 Johns Hopkins University’.............. Private 271 212 1 15 19 24 
10 University of California-San Francisco... ... Public 269 191 13 5 33 26 
Total, ist 10 institutions.................. 3,062 1,930 257 207 451 218 
11 Pennsylvania State Univ.-all campuses... . . Public 268 146 9 38 75 ° 
12 University of California-San Diego ........ Public 261 200 8 11 23 18 
13 University of California-Berkeley.......... Public 258 140 24 12 66 16 
14 University of California-Los Angeles....... Public 250 168 5 9 36 32 
15 Univ. of Illinois at Urbana-Champaign. ..... Public 243 119 34 24 58 8 
16 University of Texas-Austin.............. Public 237 113 9 6 75 34 
- irre Private 230 156 P 12 19 43 
18 University of Arizona.................. Public 214 102 6 12 79 15 
19 University of Maryland-College Park....... Public 206 78 60 12 56 0 
20 University of California-Davis............ Public 201 80 12 7 88 13 
Total, 1st 20 institutions.................. 5,431 3,232 424 349 1,028 398 
21 University of Pennsyivania.............. Private 198 144 4 7 16 27 
22 Ohio State University-all campuses........ Public 195 89 33 15 27 32 
23 Columbia University-main campus ........ Private 195 164 3 7 5 16 
et Uhh + +c ab ekse 6b0s000008 Private 194 150 1 9 15 20 
25 Georgia inst. of Technoiogy-ali campuses... Public 177 101 2 22 51 0 
26 University of Southern California.......... Private 176 132 6 14 23 0 
f oe ye Se Private 164 115 2 23 13 12 
28 University of Georgia.................. Public 163 45 38 6 73 1 
29 University of Colorado-all campuses....... Public 162 119 2 8 16 16 
30 Baylor College of Medicine.............. F rivate 161 79 4 7 21 50 
Total, 1st 30 institutions.................. 7.215 4,370 518 467 1,288 572 
31 Washington University................. Private 160 112 4 16 13 15 
32 Louisiana State University-all campuses .... Public 151 57 56 8 23 7 
33 Rutgers State Univ. of NJ-allcampuses .... Public 151 49 25 8 61 9 
34 Northwestern University................ Private 145 63 3 7 56 17 
35 University of North Carolina-Chapel Hill... . . Public 143 103 18 4 17 0 
36 North Carolina State University-Raleigh .... Public 143 47 50 21 20 5 
37 University of Florida................... Public 140 67 12 13 42 6 
38 Purdue University-all campuses.......... Public 136 68 18 12 32 7 
39 lowa State University.................. Public 135 43 31 7 49 5 
40 Michigan State University............... Public 133 62 25 5 32 10 
Total, ist 40 institutions.................. 8.653 5,040 761 568 1,632 652 
41 University of Rochester................ Private 132 107 7 7 1 10 
42 University of Pittsburgh-all campuses ...... Public 130 100 1 7 a 13 
43 University of Tennessee Central Office... . . Public 128 64 25 g 24 7 
44 Virginia Polytechnic Inst. & State Univ. ..... Public 125 48 39 12 22 4 
Se SE so 0 6 6.6 6:65.60 0.06000000¢ Public 124 81 3 8 25 7 
46 University of Massachusetts-all campuses... Public 120 68 7 10 29 6 
47 University of Connecticut-all campuses... . . Public 120 46 5 7 53 8 
48 University of Chicago.................. Private 117 94 2 1 10 10 
49 California Institute of Technology ......... Private 116 101 4 3 7 5 
50 SUNY at Buffalo-allcampuses........... Public 113 69 4 3 21 16 
Total, 1st 50 institutions.................. 9.878 5.817 854 636 1,834 737 
(continued) 
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Appendix table 5—4. 
R&D expenditures at the top 100 academic institutions, by source of funds: 1991 
(page 2 of 2) 

Institution Federal State/local Academic _ All other 
Rank and academic insiitution type Total Government government industry institutions sources 

Millions of dollars 

51 University of Alabama-Birmingham...... .. Public 113 76 3 8 11 15 
52 New York University .................. Private 112 82 1 6 9 14 
53 Univ. of Texas MD Anderson Cancer Center. Public 109 32 0 0 56 21 
54 Case Western Reserve University ........ Private 104 76 3 5 9 11 
55 Carnegie Melion University ............. Private 103 65 6 20 2 . 
56 Indiana University-all campuses.......... Public 102 62 1 2 27 10 
57 University of Miami ............... ... Private 97 70 2 7 4 14 
58 University of Missouri-Columbia....... .. Public 97 27 13 10 42 5 
59 University of Virginia-allcampuses........ Public 97 61 7 8 10 11 
60 Oregon State University................ Public 96 51 24 4 8 9 
Total, ist 60 institutions.................. 10,909 6.420 914 705 2,013 857 
ee ED on ce ccnsrccececceee Public 95 69 3 3 16 4 
62 U. of Texas Southwestern Med Ctr Dallas... Public 95 58 , 9 6 21 
63 Utah State University.................. Public 94 62 13 2 15 2 
64 Princeton University .................. Private 92 52 2 5 25 i) 
> |. SaaS ear e Private 92 61 3 7 14 7 
66 SUNY at Stony Brook-ali campuses ....... Public 91 59 2 3 21 6 
67 University of Illinois-Chicago ............ Public 91 43 4 5 29 10 
68 U. of Maryland Baltimore Prof. Schools... . . Public 90 44 16 12 1 7 
69 University of Nebraska-Lincoin........... Public 88 27 33 3 22 2 
ie CE bocce seecceccoesess Private 87 68 0 2 11 6 
Total, 1st 70 institutions.................. 11,822 6,963 990 755 7.182 932 
71 University of California-irvine............ Public 83 53 3 4 13 4 
72 University of Kentucky-all campuses...... . Public 81 32 6 7 31 5 
73 Vanderbilt University.................. Private 81 71 , 2 3 5 
74 University of Cincinnati-all campuses ..... . Public 81 47 3 4 18 8 
75 Colorado State University .............. Public 80 56 10 3 8 é 
76 University of Oklahoma-ali campuses... .. . Public 80 26 8 4 30 12 
77 New Mexico State University-all campuses .. Public 79 58 9 5 7 1 
78 University of Hawaii-Manoa............. Public 78 45 27 1 3 2 
79 Woods Hole Oceanographic Institution... . . Private 77 67 1 1 2 6 
80 Washington State University ............ Public 75 32 5 2 28 8 
Total, ist 80 institutions.................. 12.616 7,449 1,062 789 2,325 992 
FT ere Private 75 60 ' 6 0 8 
82 Rockefeller University ................. Private 74 37 . 5 16 16 
83 U. of Medicine & Dentistry of New Jersey ... Public 73 39 8 3 16 6 
84 University of South Florida.............. Public 73 24 5 6 32 6 
85 Tulane University of Lovisiana........... Private 72 37 2 7 20 7 
86 Clemson Universiy................... Public 70 17 15 6 29 3 
87 Wayne State Universiy................ Public 70 31 6 7 21 6 
88 Auburn University-all campuses.......... Public 70 15 22 6 21 5 
89 Oklahoma State University-all campuses.... Public 67 16 5 2 43 1 
90 Univ. of Alaska Fairbanks-all campuses .... Public 67 34 2 2 28 1 
Total, ist 90 institutions.................. 13,328 7,757 1,127 840 2.552 1,051 
91 University of New Mexico-ali campuses. ... . Public 67 30 5 5 17 11 
92 Mount Sinai School of Medicine.......... Private 66 42 1 4 7 12 
93 University of Kansas-allcampuses........ Public 66 26 2 4 31 2 
94 Virginia Comnyonwealth University........ Public 66 45 2 6 10 2 
95 Mississippi State University ............. Public 64 26 21 7 7 4 
96 Arizona State University................ Public 63 26 1 7 28 1 
97 Georgetown Universit, ................ Private 60 42 : 5 a 5 
98 University of California-Santa Barbara... .. . Public 60 47 1 2 6 4 
99 University of California-Riverside ......... Public 57 16 3 1 34 3 
100 Univ. of South Carolina-all campuses... . . . Public 55 23 2 8 21 2 
Total, 1st 100 institutions.............. 13,954 8.080 1,165 889 2.722 1,097 


* = less than $1 million 


‘These figures exclude the Applied Physics Laboratory (APL) at Johns Hopkins University. which is similar to a federally tunded research and development center and 
dominates the R&D performed at the university. In 1991 APL had total R&D expenditures of $439 million. of which $430 million was provided by federal sources 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation. Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991. 
Detailed Statistical Tables, NSF 93-308 (Washington. DC: NSF. 1993). and SRS. unpublished tabulations 
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Appendix table 5—5. 


Industrial support for R&D at the top 200 R&D-performing academic institutions: FY 1991 


(page 1 of 3) 


Industrial support 


Industrial support 


Thousands Percentage Thousands Percentage 

Rank and academic institution ofdollars of total R&D Rank and academic institution ofdollars of total R&D 
Rank 1-25 ($177-$364 million): average industrial share .... . 6.3 University of Pittsburgh-all campuses...................... 7,110 5.5 
Massachusetts Institute of Technology..................... 45,712 14.3 I a ea ok 6 0k Oe eed 4 9.8 4 4.404 4% 6,814 5.2 
Pennsylvania State University-allcampuses................. 37,587 14.0 Rutgers State University of New Jersey-allcampuses.......... 7,769 5.1 
Georgia Institute of Technology-all campuses................ 22,496 12.7 University of Colorado-all campuses....................4.. 8,251 5.1 
University of Illinois at Urbana-Champaign ................... 24,434 10.0 a. oat had oh 5 0 6 44004500 0445.0 0004 6,537 4.9 
University of Washington.......... 020.0000 0. eee 26,033 9.5 a 6,960 4.8 
University of Michigan-allcampuses....................45. 30,807 8.5 Baylor College of Medicine ...................00 eee eee 7,294 4.5 
Texas A & M University-all campuses.....................4. 23,050 8.0 is so oe ee be 2049448 ONE SHOE EEO 5,821 3.6 
Ohio State University-allcampuses ....................0.. 15,409 7.9 Michigan State University .................. cc cece eee eee 4,693 3.5 
University of Minnesota-all campuses...................... 19,270 5.8 SUNY at Buffalo-all campuses.....................000054 3,086 2.7 
University of Maryland-College Park...................0005. 11,938 5.8 University of North Carolina-Chapel Hill.................... 3,677 2.6 
Le 12,091 5.7 California Institute of Technology...................0.005. 2,764 2.4 
GP PU FF nn ccc ect e eens 14,953 5.5 Es phone ct en gheeeeeeeeeeeeeeeeasaes 1,425 1.2 
Cornell University-all campuses.....................2005. 16,761 5.4 
aed Aeon e464 5 448 t44 404004400004 11,957 5.2 Rank 51-75 ($80—$113 million): average industrial share .... . 6.2 
University of California-Berkeley ...................00005. 11,970 4.6 Carnegie Mellon University................. 0.00000 00085 20,438 19.8 
Ee ee Tee eee eee eee eT eT 8,700 4.5 University of Maryland Baltimore Professional Schools ......... 11,898 13.2 
University of California-San Diego ............... 0.000005. 11,225 4.3 University of Texas Southwestern Medical Center Dallas........ 9,330 9.9 
University of Wisconsin-Madison.....................005. 12,624 3.9 University of Missouri-Columbia.....................0005. 9,537 9.9 
ee ee ee ee ee ee ee 11,935 3.8 University of Kentucky-all campuses ...................... 7,476 9.2 
University of Pennsylvania ........... 20.00.0000... cee eee 7,171 3.6 University of Virginia-allcampuses.....................04. 8,153 8.4 
University of California-Los Angeles....................... 8,619 3.4 TT TT TTS EETEPETETECELELL LY? TT 6,920 7.5 
Columbia University-main campus........................ 6,619 3.4 University of Alabama-Birmingham........................ 7,867 6.9 
University of California-Davis................... 00000005. 6,599 3.3 TTT TT TTT TREE TTL EL? Terre 6,593 6.8 
University of Texas-Austin.......... 0.0.0.0... 00... 5,734 2.4 University of Illinois-Chicago ............ 0.0.00... eee eee 4,844 5.4 
University of California-San Francisco ..................... 5,475 2.0 CE: cccheneiseveceereeeeaseseeevaeuaes 5,947 5.3 

University of California-Irvine..............0 000... 0 020 eee, 4,163 5.0 
Rank 26—50 ($113-$176 million): average industrial share ... . 6.4 University of Cincinnati-allcampuses...................... 4,050 5.0 
North Carolina State University-Raleigh .................... 20,961 14.7 CC EE ee ee ee 2 ee 4,595 5.0 
TTT TTT Te TTT TTT TET PTT TT TT 22,876 13.9 Case Western Reserve University .....................4.4. 4,667 4.5 
nS + 65 6404 ke ehh OO 604004940 0000808 16,442 10.2 Colorado State University................0 0000000000005. 3,380 4.2 
Virginia Polytechnic Institute and State University............. 12,443 9.9 Ce ee eee 3,776 3.9 
EK TTT TT TTT TT ETE TT TEPC TT TTT 13,376 9.5 University of Nebraska-Lincoin..................... 00005. 2,806 3.2 
Purdue University-all campuses......................00.5. 11,962 8.8 cece e reser here tisercectereeeweenene 2,908 3.1 
University of Massachusetts-all campuses .................. 10,271 8.6 SUNY at Stoiiy Brook-allcampuses....................... 2,783 3.1 
University of Southern California ......................... 13,852 7.9 I 6 644505 040406050000000000008 68-405 1,941 2.4 
University of Tennessee Central Office..................... 8,857 6.9 Indiana University-all campuses.....................0005. 2,367 2.3 
TT TET TTCELCTETLTT ET Tere 7,828 6.3 556565 6566000049466000000008 0884 2,155 2.3 
University of Connecticut-all campuses..................... 7,421 6.2 Teche cece ee ewes sehesensseeeseeeaees 1,601 1.8 
Louisiana State University-allcampuses.................... 8,477 5.6 University of Texas MD Anderson Cancer Center'............. 0 0.0 

(continued) 
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Appendix table 5—5. 


industrial support for R&D at the top 200 R&D-performing academic institutions: FY 1991 


(page 2 of 3) 


Industrial support 


Industrial support 


Thousands Percentage Thousands Percentage 

Rank and academic institution of dollars of total R&D Rank and academic institution of dollars of total R&D 

ee ae 4,181 9.0 
Rank 76-100 ($55-—$80 million): average industrial share .. . 6.6 University of Arkansas-main campus .................... 3,323 8.1 
University of South Carolina-all campuses ................ 7,625 13.8 Ee 3,452 6.3 
Mississippi State University.......................04.5. 7,163 11.1 University of Texas Medical Branch-Galveston............. 2,652 5.9 
Arizona State University ..................0..00 00000. 6,860 10.8 <2 beh dhe O44 8 O44 6406 440400440082 2,719 5.5 
Wayne State University.................... 000000 e ee 7,295 10.4 Es ek ee ek ee ek ey 4 4 440008 2,497 5.0 
Virginia Commonwealth University...................... 6,201 9.5 Kansas State Univ. of Agriculture & Applied Science......... 2,389 4.5 
Tulane University of Louisiana......................... 6,758 9.4 University of Houston-University Park.................... 1,608 3.8 
Auburn University-all campuses........................ 6,450 9.2 University of Rhode Island......................00005. 1,212 3.1 
CO ee ee ee ee eee ee ee 6,163 8.8 Oregon Health Science University ...................... 1,099 2.6 
Ee ee 6,405 8.€ Florida State University... 2... 2... ..0.0 00.0 cece eee eee 1,408 2.6 
University of South Florida .....................20005. 6,091 8.3 SUNY Health Science Center-Syracuse.................. 350 0.9 
Cr 4,549 7.5 Uniformed Services University of the Health Sciences (Bethesda, MD)' . 0 0.0 
University of New Mexico-all campuses .................. 4,684 7.0 
Rockefeller University.....................200000005- 4,816 6.5 Rank 126-150 ($21-$34 million): average industrial share .. . 10.0 
University of Kansas-all campuses...................... 4,228 6.4 Thomas Jefferson University................. 00000005. 9,966 30.1 
New Mexico State University-all campuses................ 4,939 6.3 TTT ELE TELE TELE TT Ler 8,133 29.1 
Mount Sinai School of Medicine........................ 3,978 6.0 University of NotteDame ............... 0.000. 4,952 23.2 
University of Medicine and Dentistry of New Jersey.......... 3,471 4.7 University of Maine at Orono. ...................02005. 4,719 17.4 
University of Oklahoma-all campuses.................... 3,530 4.4 NTP TETETTTETETETET TLL LTT Tee 4,092 15.0 
University of California-Santa Barbara................... 2,379 4.0 Syracuse University-all campuses ...................... 4,405 14.4 
Oklahoma State University-all campuses ................. 2,473 3.7 Montana State University ............... 0.00000 eeeee 4,043 13.4 
Washington State University ......................00.4. 2,074 2.8 FETT TUTTE RERETLEEE EEL LeTre Le 3,600 11.8 
University of California-Riverside....................... 1,361 2.4 Medical College of Pennsyivania....................00. 2,496 10.1 
University of Alaska Fairbanks-all campuses............... 1,547 2.3 ITT TERETE TET EL TTL Ter 2,000 8.7 
University of Hawaii-Manoa.....................20005. 856 1.1 Medical University of South Carolina .................... 2,115 8.2 
Woods Hole Oceanographic Institution? .................. 786 1.0 Southern Illinois University-Carbondale .................. 2,190 vr 

San Diego State University ...................0000005. 1,980 6.9 
Rank 101-125 ($35—$55 million): average industrial share ... . 9.4 Loyola University of Chicago... ............. 00.000 1,545 6.8 
Rensselaer Polytechnic institute ....................... 12,236 24.4 University of Alabama-Huntsville .....................4. 1,847 6.7 
West Virginia University .................. 000020000 5e 11,163 22.5 University of Nebraska Medical Center................... 1,682 6.0 
TEKST TTT TT TTT TT TTT Te TT ee 7,740 16.2 University of Mississippi-all campuses ................... 1,366 5.5 
ES 5s 05 66:64005666060046600080 06400 4,763 13.6 University of Nevada-Reno ............... 0.00. cee eee ee 1,276 4.4 
Wake Forest University................... 00 cee eee 5,927 13.4 University of New Hampshire-main campus ............... 1,278 4.3 
University of Texas Health Science San Antonio............ 6,876 13.3 George Washington University ....................005. 1,248 4.2 
University of Texas Health Science Center-Houston ......... 6,392 11.9 SUNY Health Science Center-Brooklyn .................. 732 2.2 
University of Dayton... 2... eee 4,359 11.5 University of California-Santa Cruz..................0005. 560 1.8 
TTT TTT TTT TT TTT TET Tee Te TTT 4,447 11.3 University of Puerto Rico Mayaguez®.................... 312 1.0 
University of Delaware ....................2..0 0005. ... 4,732 10.6 TET TCETELELELLL TELE 224 0.9 
Medical College of Wisconsin .......................4.4. 4,175 10.3 cs KT TTT TTT ETE TELE TT Tee 0 0.0 
University of Central Florida........................4.5. 4,287 10.2 

(continued) 
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Appendix table 5—5. 
industrial support for R&D at the top 200 R&D-performing academic institutions: FY 1991 


(page 3 of 3) 
Industrial support Industrial support 
Thousands Percentage Thousands Percentage 
Rank and academic institution of dollars of total R&D Rank and academic institution ofdollars of total R&D 
Rank 151-175 ($14-$21 million): average industrial share .... 10.0 Rank 176-200 ($10-$14 million): average industrial share ... . 13.5 
New Mexico Institute of Mining and Technology®.............. 6,512 38.8 Colorado School of Mines....................200200005- 4,847 37.4 
- Michigan Technological University....................-05. 4,150 21.1 University of North Texas ..................0000 eee eee 3,576 33.8 
Desert Research Institute ............. 2.0... 0. cee ee eee 3,670 20.4 he ches te cee ee eeneresecereeeees 3,599 29.0 
University of Louisville ............ 2... 2. cece eee eee 3,093 18.4 University of Akron-all campuses........................-. 3,813 28.4 
Northeastern University®...................0 cece ee eens 2,491 15.6 University of Texas-Dallas......................0200005- 2,403 22.7 
Rah h eh on bb ee ee eee esse teereees 2,873 14.6 University of Texas-Arlington.....................200005- 2,884 22.4 
New York Medical College.....................00 00 eeee 1,981 13.5 RA Rc cee he ceee eed aeeeeererereeebas 1,761 17.8 
New Jersey Institute Technology.....................24.. 2,018 12.3 Northern lilinois University......................0 000000 1,629 16.2 
University of Alabama................ 2... eee eee eee 2,396 11.3 Oregon Graduate Institute of Science & Technology ........... 1,673 15.0 
University of Missouri-Rolla....................2 eee e eee 1,564 10.8 Brigham Young University-alicampuses.................... 1,817 14.3 
North Dakota State University-all campuses ................. 1,455 10.5 Medical College of Georgia......................000008- 1,731 14.3 
SUNY College of Environmental Science and Forestry.......... 1,707 9.0 University of South Alabama.......................0005. 1,788 13.8 
University of Arkansas for Medical Sciences................. 1,191 8.4 Old Dominion University ....................0 0c ee eee eee 979 9.8 
EE kbs cbc cb ones essen seessesecereeeers 1,032 6.7 Tennessee Technological University ...................... 871 8.8 
Saint Louis University-all campuses....................... 1,058 5.5 Cleveland State University ....................00000005. 753 7.4 
University of North Dakota-all campuses.................... 853 5.0 Albany Medical Center Graduate School ................... 677 6.7 
TTT TTTTTTTLTTTTTTTTT TTT 876 4.3 Ohio University-all campuses...................00200000. 839 6.6 
Wright State University-all campuses...................... 562 3.8 Memphis State !'niversily ............. 0.00000 cee eee eee 616 5.1 
University of Wisconsin-Milwaukee........................ 499 3.0 San Jose State University... . 0.0... 0... eee eee eee 588 4.9 
College of William and Mary-all campuses .................. 526 2.8 North Carolina Agricultural & Technical State Univ............. 366 3.5 
Howard University .............. 0. ccc eee 312 2.0 South Dakota State University....................0..004. 250 2.2 
University of Nevada-Las Vegas ....................20005. 377 1.9 Hahnemann University®........... 20.0.0. 0 0. ccc eee ee eee 238 1.8 
Florida Agricultural and Mechanical University................ 142 0.8 Ec Seeer hh oiwesesseeseoeseeseeeeeeeeeesr 134 1.4 
Ctr for Environmental & Estuarine Studies, U.of MD........... 83 0.5 University of Southwestern Louisiana’ ..................... 0 0.0 
Naval Postgraduate School’ ...................00 00000, 0 0.0 Eastern Virginia Medical School'......................4.. 0 0.0 


NOTES: Rankings were derived by sorting academic institutions receiving R&D funding into groups of 25 from highest to lowest funding. Dollar ranges cited for each rank reflect the range of total R&D expenditures for the 25 
institutions. Average industrial shares reflect data only from those campuses that reported receiving separate industrial R&D support. 


‘No industrial support was reported or industrial support data were not available. 
Data for industrial R&D support were estimated. 
Data for industrial support were imputed. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, Detailed Statistical Tables, NSF 93-308 (Washington, DC: 
NSF, 1993); and SRS, unpublished tabulations. 


See text table 5-1. Science & Engineering Indicators — 1993 
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Appendix table 5-6. 
Federal and nonfederal R&D expenditures at academic institutions, by field and source of funds: 1991 
Field Total Federal Nonfederal' Federal Nonfederal' 
- aes ~ —~—-Percent- Thousands of dollars Percent - 
Total science and engineering........... 17,620,209 100.0 10,220,506 7,399,703 58.0 42.0 
Total sciences....................... 14,727,459 83.6 8,589,561 6,137,898 58.3 41.7 
Physical sciences .................... 1,936,857 11.0 1,378,592 558,265 71.2 28.8 
EERE ee ee ee 210,148 1.2 135,362 74,786 64.4 35.6 
Ea rae 669,998 3.8 449,644 220,354 67.1 32.9 
SS ee ae 883,038 5.0 677,582 205,456 76.7 23.3 
EEE 173,673 1.0 116,004 57,669 66.8 33.2 
Mathematical sciences................. 229,495 1.3 169,147 60,348 73.7 26.3 
Computer sciences ................... 544,464 3.1 366,009 178,455 67.2 32.8 
Environmental sciences................ 1,119,905 6.4 704,409 415,496 62.9 37.1 
Atmospheric sciences ................ 176,447 1.0 132,217 44,230 74.9 25.1 
Ts ko koe deeb b4006 esses 380,034 2.2 215,982 164,052 56.8 43.2 
Oceanography...................... 396,403 2.2 267,903 128,500 67.6 32.4 
a 167,021 0.9 88,307 78,714 52.9 47.1 
ee ee ee 9,492,902 53.9 5,402,408 4,090,494 56.9 43.1 
Agricultural sciences ................. 1,463,848 8.3 379,108 1,084,740 25.9 74.1 
Biological sciences .................. 3,056,719 17.3 1,950,905 1,105,814 63.8 36.2 
Medical sciences.................... 4,569,054 25.9 2,830,739 1,738,315 62.0 38.0 
eh C5646 o404.54040060006464 403,281 2.3 241,656 161,625 59.9 40.1 
 — TTS LETT TT TTT TTT Te 293,440 1.7 194,267 99,173 66.2 33.8 
Fe ee ae 745,988 4.2 247,188 498,800 33.1 66.9 
Des £6464 5 40.0060400000846 210,296 1.2 58,800 151,496 28.0 72.0 
SC . ck cee cecdeeeseevens 121,465 0.7 28,800 92,665 23.7 76.3 
Ey eee ee ee ee eee 157,806 0.9 71,615 86,191 45.4 54.6 
Terr Tere vere rT rrr Try 256,421 1.5 87,973 168,448 34.3 65.7 
TE +6) 464460400004600600004 364,408 2.1 127,541 236,867 35.0 65.0 
DP tcctcheeeceeeweeeecewess 2,892,750 16.4 1,630,945 1,261,805 56.4 43.6 
Aeronautical/astronautical .............. 174,321 1.0 131,708 42,613 75.6 24.4 
PSL TST TTT TT TT Te 238,553 1.4 114,310 124,243 47.9 52.1 
eT eee eee re ee eee eee 315,134 1.8 122,874 192,260 39.0 61.0 
Electricai/electronic .................... 682,213 3.9 437,494 244,719 64.1 35.9 
I + 66566406446004.6400040468 415,071 2.4 243,182 171,889 58.6 41.4 
Se eee ee eee ee 1,067,458 6.1 581,377 486,081 54.5 45.5 


'See appendix table 5-2 for detail on nonfederal sources. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, 
Detailed Statistical Tables, NSF 93-308 (Washington, DC: NSF, 1993); and SRS, unpublished tabulations. 
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Appendix table 5-— 
Experiditures for 2-ademic R&D, by field: 1981-91 
(page 1 of 2) 


Field 1931 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

<coeemarnaneemen een - -- Millions of current dollars -— cco omemenain 
TotalS&E .............. 5,847 7,323 7,881 8,620 9686 10928 12,154 13,466 15,016 16344 17,620 
Total sciences. ......... 5,880 6,295 6,759 7,388 8,268 9287 10,261 11,369 12617 13,682 14,727 
Physical sciences ........ 766 824 901 1,001 1,149 1,287 1,391 1,546 1,638 1,796 1,937 
Astronomy............. 67 73 73 80 96 102 108 127 137 170 210 
Chemistry............. 285 308 335 372 421 470 514 565 608 650 670 
i é4esec66040 0.04 358 367 418 474 551 631 667 732 775 832 883 
re 56 75 74 74 80 85 103 122 119 145 174 
Mathematical sciences... . . 87 96 106 123 128 152 177 199 214 220 229 
Computer sciences ....... 144 164 186 224 281 321 372 409 472 509 544 
Environmental sciences .. . . 550 558 617 645 705 775 835 889 1,009 1,073 1,120 
Atmospheric sciences 87 86 98 102 108 120 128 134 167 173 176 
Earth sciences.......... 190 195 216 228 254 274 284 294 323 354 380 
Oceanography.......... 192 198 224 237 258 280 300 333 365 383 396 
ee 81 78 79 79 85 101 122 128 155 162 167 
Life sciences............ 3,695 4,013 4,303 4,711 5,278 5,820 6,527 7,256 8,079 8,762 9,493 
Agricultural sciences ..... 790 864 921 954 999 1,089 1,121 1,176 1,286 1,356 1,464 
Biological sciences....... 1,189 1,286 1,419 1,573 1,780 1,945 2,142 2,397 2,638 2,855 3,057 
Medical sciences........ 1,605 1,739 1,830 2,034 2,318 2,616 3,000 3,378 3,828 4,182 4,569 
ELST Te TET eT 111 123 132 150 181 240 264 304 327 370 403 
Psychology............. 127 131 136 145 158 170 188 213 237 258 293 
Social sciences.......... 367 354 345 359 383 463 503 553 637 702 746 
Economics ............ 399 95 98 109 118 136 150 163 188 202 210 
Political science......... 55 60 55 56 59 69 81 87 104 112 121 
ee 95 80 78 71 76 97 97 110 122 134 158 
DARA bbb S004 606% 117 118 114 123 130 161 175 192 223 254 256 
Other sciences .......... 145 156 165 180 186 228 269 304 331 360 364 
Engineering............. 967 1,028 1,122 1,232 1,418 1,641 1,892 2,097 2,399 2,663 2,893 
Aeronautical/astronautical 54 ' 62 68 70 81 94 108 123 145 159 174 
eee 86 89 96 102 116 132 148 163 194 215 239 
rere ye Tee 109 116 127 140 153 178 191 225 247 285 315 
Electrical/electronic ....... 193 218 262 295 337 395 451 510 600 668 682 
Mechanicai........ 141 143 149 179 208 228 275 304 344 393 415 
0 TTT Teer Tere 384 399 420 447 523 613 719 773 869 943 1,067 


(continued) 
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Appendix table 5-7. 
Expenditures for academic R&D, by field: 1981-91 
(page 2 of 2) 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
_ Millions of constant 1987 dollars’ 
RE 8,800 8,760 9,059 9483 10,272 11,254 12,154 12,998 13,878 14502 15,086 
Total sclences........... 7,557 7,530 7,769 8,127 8,768 9,564 10,261 10,974 11,661 12,140 12,609 
Physical sciences ........ 985 986 1,035 1,101 1,218 1,326 1,391 1,492 1,514 1,594 1,658 
Astronomy. ............ 86 87 84 89 102 105 108 122 126 150 180 
Chemistry............. 366 369 385 409 447 484 514 546 562 577 574 
er 460 439 480 521 585 650 667 706 716 738 756 
Re bh tk be nine 4 5.0 72 90 85 82 85 87 103 118 110 129 149 
Mathematical sciences... .. 112 115 122 135 136 156 177 192 197 196 196 
Computer sciences ....... 185 196 214 247 298 331 372 394 436 452 466 
Environmental sciences.... 707 668 709 710 747 798 835 858 933 952 959 
Atmospheric sciences .... 112 103 113 112 114 124 128 129 154 154 151 | 
Earth sciences.......... 244 233 248 250 269 283 284 284 298 314 325 
Oceanography.......... 247 237 257 260 274 288 300 322 338 340 339 
PEER h ee eee beeeeee 104 94 90 87 91 104 122 123 143 144 143 
Life sciences............ 4,749 4,800 4,946 5,183 5,597 6,066 6,527 7,004 7,467 7,775 8,127 
Agricultural sciences ..... 1,015 1,034 1,059 1,050 1,060 1,122 1,121 1,135 1,189 1,204 1,253 ; 
Biological sciences....... 1,528 1,539 1,631 1,730 1,887 2,003 2,142 2,314 2,438 2,533 2,617 
Medical sciences........ 2,063 2,080 2,104 2,237 2,459 2,694 3,000 3,260 3,538 3,710 3,912 
0 142 147 152 166 192 247 264 294 303 328 345 
Psychology ............. 163 156 156 160 168 175 188 206 219 229 251 
Social sciences.......... 471 423 397 395 407 477 503 533 589 623 639 
Economics ............ 127 114 113 119 125 140 150 158 174 179 180 
Political science......... 71 72 63 62 63 71 81 84 96 99 104 
Sociology ............. 122 96 90 78 80 100 97 106 113 119 135 
Pet cee eee sbeeees 150 141 131 136 138 166 175 186 206 225 220 
Other sciences .......... 186 186 189 197 198 235 269 294 306 320 312 
Engineering............. 1,243 1,230 1,290 1,355 1,504 1,690 1,892 2,024 2,217 2,363 2,477 
Aeronautical/astronautical 70 75 79 77 85 97 108 119 134 141 149 
re 110 107 110 112 123 136 148 157 179 191 204 
eT TTT eT TTT 140 139 145 154 162 183 191 217 228 253 270 
Electrical/electronic ....... 248 261 301 325 358 407 451 492 555 592 584 
Mechanical............. 181 171 172 197 220 235 275 293 318 348 355 
eee ree 494 478 483 492 554 632 719 746 803 837 914 
S&E = science and engineering. 


'See appendix table 4—1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars. 


SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, 
Detailed Statistical Tables, NSF 93-308 (Washington, DC: NSF, 1993); and SRS, unpublished tabulations. 


See figure 5—4. Science & Engineering indicators — 1993 
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Federal financing of academic R&D funds, by field: 1973-91 


1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Percentage federally financed 
TotalS&E........... 68.8 672 67.1 674 670 £662 67.0 675 668 65.1 63.3 63.0 62.6 61.4 60.4 60.8 599 59.0 58.0 
Total sciences........ 68.5 67.0 670 674 670 £659 66.7 674 665 648 629 628 628 61.7 60.7 61.2 603 59.3 58.3 
Physical sciences ..... 818 810 814 805 800 796 815 819 808 788 77.7 78.1 775 76.3 75.2 74.5 726 725 71.2 
Astronomy ......... 73.4 700 734 698 718 716 748 756 710 706 #£468.0 66.1 67.0 68.5 65.7 66.1 64.0 66.1 64.4 
Chemistry.......... 76.1 766 768 770 762 758 75.8 77.7 760 £747 73.8 75.0 742 72.0 71.7 71.3 693 683 67.1 
0 re 87.1 866 864 853 852 649 864 868 864 835 82.1 823 82.2 80.9 79.6 78.5 72 ‘73 76.7 
ee 79.7 744 77.7 772 $73.7 #726 82.7 78.7 81.1 81.2 80.4 80.1 75.0 75.8 75.1 74.7 694 716 66.8 
Mathematical sciences . 775 784 786 774 77.7 757 776 784 778 745 719 75.0 759 75.4 74.4 75.3 73.0 72.0 73.7 
Computer sciences.... 699 732 743 740 676 622 70.9 70.4 724 742 746 72.7 69.7 72.4 69.1 70.8 683 668 67.2 
Environmental sciences. 75.2 71.7 708 734 747 72.7 72.6 73.1 71.1 70.1 69.1 69.1 67.2 66.6 65.0 65.9 65.1 63.9 62.9 
Atmospheric sciences NA NA NA NA NA NA NA 841 769 799 78.4 80.7 799 81.3 82.5 81.7 788 76.1 74.9 
Earth sciences ...... NA NA NA NA NA NA NA 69.7 67.1 649 62.4 61.4 60.7 58.3 56.2 59.3 57.7 575 56.8 
Oceanography ...... NA NA NA NA NA NA NA 776 779 774 76.6 76.4 72.7 74.3 72.6 71.6 728 698 67.6 
athe ek ent eas 75.2 71.7 708 734 $747 72.7 72.6 591 580 535 542 540 53.8 50.2 48.9 49.3 479 51.0 52.9 
Life sciences......... 663 645 65.1 657 653 6339 640 648 640 624 602 60.1 60.4 59.3 58.8 59.6 59.2 57.9 56.9 
Agricultural sciences... 341 292 294 297 288 292 305 31.1 297 295 284 28.2 29.4 26.8 26.6 27.4 27.1 26.0 25.9 
Biological sciences... 716 71.7 725 735 745 728 72.6 740 730 714 #&469.4 695 67.9 67.4 66.2 66.8 65.7 645 63.8 
Medical sciences... . . 75.3 759 756 755 749 #£®73.1 73.7 744 74.1 72.0 68.9 676 68.0 66.6 65.4 65.5 65.3 63.7 62.0 
TTT 70.3 725 718 726 $71.7 706 70.1 673 675 640 61.0 629 60.0 61.3 59.8 61.5 605 589 59.9 
Psychology.......... 795 789 768 762 748 714 72.3 73.3 72.7 682 &£«66.1 67.4 67.0 66.9 66.0 65.8 65.7 65.2 66.2 
Social sciences....... 573 569 552 527 516 451.1 53.0 538 510 456 426 39.8 40.1 37.3 33.5 34.1 33.2 32.0 33.1 
Goonomics.......... 476 466 482 445 438 48.1 484 489 454 437 39.6 39.1 37.0 33.5 29.0 30.1 288 268 25.0 
Political science ..... 406 440 418 422 462 42.1 46.0 434 420 373 %3%8 33.9 33.1 29.3 29.6 28.9 246 223 23.7 
Sociology .......... 65.8 651 655 62.1 61.1 61.0 63.6 650 606 586 554 542 53.6 51.4 46.3 44.2 440 444 45.4 
0 Sree 61.0 600 559 548 529 506 51.9 541 522 427 39.1 35.0 38.3 35.6 32.0 34.2 349 33.9 34.3 
Other sciences ....... 58.7 571 572 595 549 57.4 54.9 536 565 565 527 485 493 47.1 45.8 43.1 414 43.0 35.0 
pabeesece 715 69.0 681 673 676 #4679 68.7 686 685 672 £655 640 612 59.6 58.8 58.6 57.7 57.2 56.4 
Aeronautical/astronautical NA NA NA NA NA NA NA 795 800 79.1 78.7 78.2 764 77.0 74.1 76.3 770 8 77.2 75.6 
Chemical ........... NA NA NA NA NA NA NA 644 669 620 595 59.1 55.7 55.4 51.7 52.6 52.1 50.1 47.9 
PPT TTT T ie NA NA NA NA NA NA NA 640 568 515 504 518 515 49.6 47.0 45.8 413 407 39.0 
Electrical/electronic NA NA NA NA NA NA NA 75.7 759 77.1 73.8 71.0 67.7 65.9 64.8 64.8 649 65.2 64.1 
Mechanical.......... NA NA NA NA NA NA NA 67.0 675 683 ~~ 67.1 665 646 64.9 64.9 63.4 62.1 60.8 58.6 
eee ee 71.5 690 681 673 676 #£«679 68.7 657 673 653 £635 61.1 57.3 54.6 55.0 54.9 53.5 53.4 54.5 


NA = not available; S&E = science and engineering 
SOURCES: Science Resources Studies Division (SRS). National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, Detailed Statistical Tables, NSF 93-308 (Washington, DC: 
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NSF. 1993); and SRS. annual series. 
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Appendix table 5-9. 
Federal obligations for academic R&D, by agency: 1971-93 
(page 1 of 2) 
National National Nationa! All 
All Institutes Science Department Aeronautics & Department Department other 
agencies of Health Foundation of Defense SpaceAdmin. of Energy’ of Agriculture agencies 
Millions of current dollars aan 
re 1,645 603 267 211 134 G4 72 264 
Ge 1,904 756 362 217 119 85 87 277 
ar 1,917 761 374 204 111 83 94 289 
PSS 2,214 1,027 389 197 99 94 95 312 
2,411 1,077 435 203 108 132 108 348 
Grrr 2,552 1,185 437 240 119 145 120 307 
A 2,905 1,311 511 273 118 188 140 364 
re 3,375 1,493 537 383 127 240 186 408 
| aa 3,889 1,765 617 438 139 260 200 470 
) ae 4,263 1,888 685 495 158 285 216 536 
Serre 4,466 1,984 702 573 171 300 243 492 
ee 4,605 2,026 715 664 186 277 255 483 
Sa 4,966 2,264 783 724 189 297 275 434 
a 5,547 2,560 880 830 204 321 261 491 
hb aceset 6,340 2.974 1,002 940 237 357 293 536 
Pe 6,559 3,044 992 1,098 254 345 274 553 
ee 7,337 3,638 1,096 1,017 294 386 280 626 
errr 7,828 3,886 1,143 1,071 338 406 305 678 
a 8,672 4,157 1,254 1,189 434 454 328 858 
re 9,142 4,305 1,321 1,213 471 500 348 984 
ae 10,169 4,662 1,436 1,152 534 621 386 1,379 
1992 (est.)..... 11,298 4,922 1,574 1,599 632 640 424 1,507 
1993 (est.)..... 11,764 5,181 1,838 1,558 675 576 416 1,519 
Millions of constant 1987 dollars? 

rer 4,531 1,662 734 581 369 259 198 727 
re 4,983 1,979 949 567 312 221 229 726 
bs eseeer 4,768 1,893 932 507 277 206 234 719 
Sarees 5,113 2,372 899 456 228 217 219 722 
hs ¢k66008 5,066 2,262 914 427 227 277 227 732 
ee 4,984 2,314 853 470 232 283 234 599 
0 ee 5,245 2,367 922 493 212 340 253 657 
SPP 5,662 2,505 901 643 213 403 313 684 
ae 6,011 2,728 953 677 214 402 309 727 
ee 6,039 2,674 970 702 223 404 307 759 
bbe eees 5,740 2,551 902 736 220 386 312 632 
0 5,509 2,423 855 794 222 331 305 578 
eee 5,709 2,602 900 832 218 341 316 499 
a Se 6,102 2,816 956 913 224 353 287 540 
re 6,723 3,154 1,062 97 252 379 311 568 
ear 6,755 3,135 1,021 1,131 262 355 282 570 
7,337 3,638 1,096 1,017 294 386 280 62E 
errr 7,556 3,751 1,104 1,034 326 392 294 655) 
ae ka dwoes 8,015 3,842 1,159 1,099 401 419 303 793 
ee 8,112 3,820 1,172 1,076 418 444 309 873 
ee 8,706 3992 1,229 986 457 531 330 1,180 
1992 (est.)..... 9,407 4,098 1,311 1,331 526 533 353 1,255 
1993 (est.)..... 9,564 4,212 1,494 1,267 549 468 338 1,235 
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Appendix table 5-9. 
Federal for academic R&D, by agency: 1971-93 
(page 2 of 2) 
Nationa! National Nationa! All 
All institutes Science Department Aeronautics& Department Department other 
agencies of Health Foundation of Defense SpaceAdmin. of Energy’ of Agriculture agencies 
Percent 

See 100.0 36.7 16.2 128 8.2 5.7 44 16.0 
SR 100.0 39.7 19.0 11.4 6.3 44 46 146 
ee 100.0 39.7 19.5 10.6 5.8 43 49 15.1 
ee 100.0 46 4 17.6 8.9 45 42 43 14.1 
ets inake 100.0 446 18.0 8.4 45 55 45 14.4 
100.0 46.4 17.1 9.4 47 5.7 47 12.0 
i é6<6e cee 100.0 45.1 17.6 9.4 40 6.5 48 12.5 
ar 100.0 44.2 15.9 11.4 3.8 7.1 55 12.1 
aaa 100.0 45.4 15.9 11.3 3.6 6.7 5.1 12.1 
nh .¢6séa ok 100.0 443 16.1 11.6 3.7 6.7 5.1 12.6 
Fe 100.0 444 15.7 12.8 38 6.7 54 11.0 
Se 100.0 44.0 15.5 144 4.0 6.0 5.5 10.5 
a eee 100.0 (1.3 15.8 146 3.8 6.0 5.5 8.7 
Fe 100.0 46.2 15.9 15.0 3.7 58 47 8.8 
ee 100.0 46.9 15.8 148 3.7 5.6 46 8.5 
ae 100.0 46.4 15.1 16.7 3.9 5.3 42 8.4.0 
aa 100.0 49.6 149 13.9 40 5.3 3.8 8.5 
a 100.0 49.6 146 13.7 43 5.2 3.9 8.7 
Sarr 100.0 479 14.5 13.7 5.0 5.2 3.8 9.9 
i ehéeees 100.0 47.1 14.4 13.3 5.2 5.5 3.8 10.8 
0 ee 100.0 45.9 141 11.3 5.2 6.1 3.8 13.6 
1992 (est.)..... 100.0 43.6 13.9 14.1 5.6 5.7 3.8 13.3 
1993 (est.)..... 100.0 440 15.6 13.2 5.7 49 3.5 12.9 


NOTE: Percentages may not total 100 because of rounding. 


‘Data for 1971-73 are for the Atomic Energy Commission, sor 1974-76. the Energy Research and Development Administration, and for 1977-93, the Department of 


Energy. 
*See appendix table 4—1 for GDP implicit price defiators used to corive7i current dollars to constant 1987 dollars 


SOURCES. Science Resources Studies Division (SRS). Nationa: Science Foundation. Federal Funds for Research and Development: Fiscal Years 1991. 1992. and 


1993 (Washington, DC: NSF, 1993): and SRS, annual series. 
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Appendix table 5—10. 
Number of academic institutions receiving federal R&D support, by field: 1971, 1981, and 1991 
Research & doctoral All other 
All Carnegie institutions' institutions Carnegie institutions 

Field 1971 1981 1991 1971 1981 1991 1971 1981 1991 
Total science & engineering . . 565 618 759 207 203 204 358 415 555 
Physical sciences........... 279 322 414 178 181 189 101 141 225 
Mathematical sciences ....... 159 180 282 140 144 164 19 36 118 
Computer sciences? ......... NA 117 240 NA 102 181 NA 15 59 
Environmental sciences....... 192 246 319 137 152 174 55 94 145 
Life sciences .............. 378 454 514 191 192 195 187 262 319 
Psychology................ 304 222 231 171 148 153 133 74 78 
Social sciences............. 330 322 301 172 166 161 158 156 140 
Engineering ............... 232 256 313 154 169 180 78 87 133 


NA = ot available 

NOTES: Since 1989, the Department of Defense (DOD) no longer provides detailed R&D funding information by science field. Therefore, 1991 data cited here do not 
reflect those institutions that received federal R&D funding in a particular field only from DOD. Details do not add to totals because institutions may receive grants in 
more than one field. 

‘See chapter 2, “Classification of Academic Institutions,” for information on the institutional categories used by the Carnegie Foundation for the Advancement of 
Teaching. 

2Data on computer sciences were not separately reported in 1971. 

SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Federal Support to Universities, Colleges, and Nonprofit Institutions: Fiscal 
Year 1990, Detailed Statistical Tables, NSF 92-324 (Washington, DC: NSF, 1992); and SRS, unpublished tabulations. 


See figure 5-5. Science & Engineering Indicators - 1993 
Appendix table 5—11. 
Cost of new academic R&D construction, by field: 1986-93 
Total cost’ Cost per square foot 

1986-87 1988-89 1990-91 1992-93 1986-87 1988-89 1990-91 1992-93 

Field actual actual actual planned actual actual actual planned 
Millions of dollars Dollars 

Total, alifieids ............... 2,051 2,464 2,976 3,214 207 231 260 259 
Physical sciences.............. 182 401 430 282 228 201 267 392 
Mathematical sciences.......... 2 8 12 4 222 320 261 154 
Computer sciences............. 61 65 40 120 257 227 137 268 
Environmental sciences ......... 57 82 170 110 150 253 321 139 
Agricultural sciences............ 150 152 175 199 99 133 183 169 
Biological sciences............. 463 577 832 780 271 255 297 277 
Medical sciences .............. 505 647 807 996 259 287 273 260 
Psychology ...... ........... 23 25 36 50 174 217 220 327 
Social sciences ............... 38 48 115 188 146 276 
Other sciences................ 139 70 79 87 231 167 208 279 
Engineering.................. 430 388 395 471 180 260 233 273 


NOTES: Data for 2 years are combinec—e.g., 1988-89 refers to 2 fiscal years. In the 1990-91 period, data were not differentiated between psychology and the social 
sciences. 


‘Project cost estimates are prorated to reflect R&D component only. 


SOURCE: Science Resources Studies Division, National Science Foundation, Scientific and Engineering Research Facilities at Universities and Colleges. 1992, NSF 
92-325 (Washington, OC: NSF, 1993). 


Science & Engineering Indicators - 1993 


PAGE 


Appendix table 5-12. 
Square footage of total, new construction, and renovation of academic R&D space, by field: 1986-93 


Total R&D space New R&D space Renovated R&D space 

1986 1988 1990 1992 1986-87 1988-89 1990-91 1992-93 1986-87 1988-89 1990-91 1992-93 

Field actual actual actual actual actual actual actual planned actual actual actual planned 
Thousands of square feet 

Total, alifields................. NA 112,062 116,327 122,015 9,922 10,647 11,433 12,405 13,431 11,449 8,606 5,986 
Physical sciences ............... NA 16,024 16,121 16,353 799 2,000 1,609 719 1,746 1,630 1,159 1,037 
Mathematical sciences............ NA 722 790 829 9 25 46 26 37 136 39 17 
Computer sciences .............. NA 1,437 1,445 1,606 237 286 293 447 193 144 164 34 
Environmental sciences ........... NA 0,313 6,056 6,728 380 324 529 792 362 930 450 360 
Agricultural sciences ............. N4. 17,622 20,821 19,910 1,513 1,146 955 1,176 628 530 391 302 
Biological sciences............... NA 23,910 26,154 27,721 1,708 2,262 2,800 2,813 3,611 3,451 2,356 1,513 
Medical sciences................ NA 19,363 19,721 22,374 1,948 2,253 2,961 3,826 3,236 2,302 2,070 1,547 
Psychology.................... NA 3,085 2,978 2,984 132 115 164 153 256 88 254 129 
Social sciences................. NA 3,337 3,338 3,253 202 329 417 181 119 141 
Other sciences ................. NA 4,350 1,846 2,162 603 418 380 312 465 180 42 1,544 
Engineering.................... NA 15,900 17,057 18,095 2,390 1,490 1,697 1,725 2,716 1,630 1,159 1,037 


NOTES: Data for 2 years are combined—e.g., 1988-89 refers to 2 fiscal years. In the 1986-87 period, data were not reported for total R&D space. in the 1990-91 period, data for new and renovated R&D space were not 


SOURCE: Science Resources Studies Division, National Science Foundation, Scientific and Engineering Research Facilities at Universities and Colleges: 1992, NSF 92-325 (Washington, DC: NSF, 1992). 
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Appendix table 5—13. 


Current fund expenditures for research equipment at academic institutions, by field: 1981-91 


(page 1 of 2) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Thousands of current dollars 
Total expenditures 
Total, allfields ................ 412,478 426,234 450,735 536,552 671,321 782,614 836,662 912,090 989,770 1,020,434 1,026,339 
Physical sciences............... 77,185 80,601 80,749 103,498 141,829 162,895 165,972 180,928 179,773 190,291 189,483 
Mathematical sciences........... 2,630 3,664 3,740 5,328 6,013 6,814 9,774 9,695 10,504 9,980 11,048 
Computer sciences.............. 14,986 17,518 19,945 22,251 35,451 42,579 42,779 42,762 42,894 47,891 58,082 
Environmental sciences .......... 30,426 28,169 31,063 41,227 47,779 51,270 55,257 55,598 67,593 72,861 69,838 
ee 195,598 203,166 209,254 242,893 282,481 330,531 335,224 379,542 432,884 424,167 411,070 
Ahh +'s0 4 ob a4 e000 sess 5,718 5,788 6,560 7,285 8,669 8,616 10,518 9,567 10,530 10,697 11,245 
Social sciences ................ 7,766 7,891 9,447 13,798 10,032 14,049 11,755 11,847 14,704 15,123 14,230 
Other sciences................. 7,285 8,982 10,430 10,318 14,714 20,060 27,093 26,680 26,628 26,581 27,676 
ee 70,884 70,455 79,547 89,954 124,353 145,800 178,290 195,471 204,260 222,843 233,667 
Federal expenditures 
Total, alifields ................ 261,628 274,339 280,635 341,762 432,253 501,231 526,269 576,609 595,655 604,514 607,429 
Physical sciences............... 59,386 63,927 63,673 82,658 113,252 130,509 130,392 142,346 132,370 143,042 138,385 
Mathematical sciences........... 1,853 2,608 2,482 4,086 4,935 5,183 7,587 7,549 6,919 6,496 6,569 
Computer sciences.............. 9,624 13,235 14,498 16,851 29,407 35,121 33,921 34,733 30,755 31,936 43,446 
Environmental sciences .......... 18,241 17,913 19,171 29,317 32,339 34,997 35,848 36,506 44,890 47,962 43,657 
ee ae 117,667 118,590 114,958 137,199 157,019 188,405 187,797 215,097 238,233 222,103 217,556 
TTT TET TTT 4,140 4,099 4,568 4,970 6,190 5,819 8,051 6,530 6,855 6,674 7,121 
Social sciences ................ 3,370 2,988 3,103 3,887 4,028 4,267 3,418 3,271 4,771 4,755 5,009 
CEE, 6 bb cc ee be ees ees 4,061 5,724 6,241 5,598 6,793 11,722 13,929 12,744 13,339 12,219 11,194 
Engineering................... 43,286 45,255 51,941 57,196 78,290 85,208 105,326 117,833 117,523 129,327 134,492 
Nonfederal expenditures 
Total, allfields ................ 150,850 151,895 170,100 194,790 239,068 281 383 310,393 335,481 394,115 415,920 418,910 
Physical sciences............... 17,799 16,674 17,076 20,840 28,577 32,386 35,580 38,582 47,403 47,249 51,098 
Mathematical sciences........... 777 1,056 1,258 1,242 1,078 1,631 2,187 2,146 3,585 3,484 4,479 
Computer sciences.............. 5,362 4,283 5,447 5,400 6,044 7,458 8,858 8,029 12,139 15,955 14,636 
Environmental sciences .......... 12,185 10,256 11,892 11,910 15,440 16,273 19,409 19,092 22,703 24,899 26,181 
TS 66566665666 00060% 77,931 84,576 94,296 105,694 125,462 142,126 147,427 164,445 194,651 202,064 193,514 
STS TTT TT Tere 1,578 1,689 1,992 2,315 2,479 2,797 2,467 3,037 3,675 4,023 4,124 
Social sciences ................ 4,396 4,903 6,344 9,911 6,004 9,782 8,337 8,576 9,933 10,368 9,221 
Other sciences................. 3,224 3,258 4,189 4,720 7,921 8,338 13,164 13,936 13,289 14,362 16,482 
ee ee 27,598 25,200 27,606 32,758 46,063 60,592 72,964 77,638 86,737 93,516 99,175 
(continued) 
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Appendix table 5—13. 


Current fund expenditures for research equipment at academic institutions, by field: 1981-91 


(page 2 of 2) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
_——$$$ ~_._...._ Thousands of constant 1987 dollars'—- 
Total expenditures 
Total, alifields................ 530,177 509,849 518,086 590,266 711,899 805,988 836,662 880,396 914,760 905,443 878,715 
Physical sciences............... 99,210 96,413 92,815 113,859 150,402 167,760 165,972 174,641 166,149 168,847 162,229 
Mathematical sciences........... 3,380 4,383 4,299 5,861 6,376 7,018 9,774 9,358 9,708 8,855 9,459 
Computer sciences.............. 19,262 20,955 22,925 24,479 37,594 43,851 42,779 41,276 39,643 42,494 49,728 
Environmental sciences .......... 39,108 33,695 35,705 45,354 50,667 52,801 55,257 53,666 62,470 64,650 59,793 
Life sciences .................. 251,411 243,022 240,522 267,209 299,556 340,403 335,224 366,353 400,078 376,368 351,943 
PE ce ee cseeeedescees 7,350 6,923 7,540 8,014 9,193 8,873 10,518 9,235 9,732 9,492 9,628 
Social sciences ................ 9,982 9,439 10,859 15,179 10,638 14,469 11,755 11,435 13,590 13,419 12,183 
Other sciences................. 9,364 10,744 11,989 11,351 15,603 20,659 27,093 25,753 24,610 23,586 23,695 
Engineering................... 91,111 84,276 91,433 98,959 131,870 150,154 178,290 188,679 188,780 197,731 200,057 
Federal expenditures 
Total, alifields................ 336,283 328,157 322,569 375,976 458,381 516,201 526,269 556,572 550,513 536,392 520,059 
Physical sciences............... 76,332 76,468 73,187 90,933 120,098 134,407 130,392 137,400 122,338 126,923 118,480 
Mathematical sciences........... 2,382 3,120 2,853 4,495 5,233 5,338 7,587 7,287 6,395 5,764 5,624 
Computer sciences.............. 12,370 15,831 16,664 18,538 31,185 36,170 33,921 33,526 28,424 28,337 37,197 
Environmental sciences .......... 23,446 21,427 22,036 32,252 34,294 36,042 35,848 35,237 41,488 42,557 37,378 
RGD ow ccc ccc ce cene 151,243 141,854 132,136 150,934 166,510 194,032 187,797 207 623 220,178 197,075 186,264 
Psychology ................... 5,321 4,903 5,251 5,468 6,564 5,993 8,051 6,303 6,335 5,922 6,097 
Social sciences ................ 4,332 3,574 3,567 4,276 4,271 4,394 3,418 3,157 4,409 4,219 4,289 
Other sciences................. 5,220 6,847 7,174 6,158 7,204 12,072 13,929 12,301 12,328 10,842 9,584 
I 64544460 bG00000008 55,638 54,133 59,702 62,922 83,022 87,753 105,326 113,738 108,616 114,753 115,147 
Nonfederal expenditures 

Total, alifields................ 193,895 181,693 195,517 214,290 253,519 289,787 310,393 323,823 364,247 369,051 358,656 
Physical sciences............... 22,878 19,945 19,628 22,926 30,304 33,353 35,580 37,241 43,811 41,925 43,748 
Mathematical sciences........... 999 1,263 1,446 1,366 1,143 1,680 2,187 2,071 3,313 3,091 3,835 
Computer sciences.............. 6,892 5,123 6,261 5,941 6,409 7,681 8,858 7,750 11,219 14,157 12,531 
Environmental sciences .......... 15,662 12,268 13,669 13,102 16,373 16,759 19,409 18,429 20,982 22,093 22,415 
Life sciences .................. 100,168 101,167 108,386 116,275 133,046 146,371 147,427 158,731 179,899 179,294 165,680 
a 4466460600 0006000% 2,028 2,020 2,290 2,547 2,629 2,881 2,467 2,931 3,396 3,570 3,531 
Social sciences ................ 5,650 5,865 7,292 10,903 6,367 10,074 8,337 8,278 9,180 9,200 7,895 
Other sciences................. 4,144 3,897 4,815 5,193 8,400 8,587 13,164 13,452 12,282 12,744 14,111 
PS +55 o00000604000448 35,473 30,144 31,731 36,037 48 847 62,402 72,964 74,940 80,164 82,978 84,910 


‘See appendix table 4—1 for GDP implicit price deflators used to convert current dollars into constant 1987 dollars. 


SOURCES: Science Resources Studies Division (SRS). National Science Foundation, Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991, Detailed Statistical Tables, NSF 93-308 (Washington, DC: 


Ms 


NSF, 1993); and SRS, annual series. 
See figure 5-7. 
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Appendix table 5-14. 
Doctoral scientists and engineers employed by academic institutions and those active in R&D, by field and sex: 1979, 1981, 1989, and 1991 3 
Total employment | ___ Total with responsibility for R&D a * 
1979 1981 1989 1991 1979 1981 1989 1991 1979 1981 1989 1991 
ene Number —--— Number Percent 
Total 
Total science & engineering . . 135,841 147,787 177,974 177,805 88,686 94,888 135,739 134,647 65.3 64.2 76.3 75.7 
Total sciences ............... 122,938 133,582 159,819 158,480 79,050 86,098 121,098 118,827 64.3 64.5 75.8 75.0 
Physical sciences .......... 20,094 20,935 22,223 21,826 13,395 13,887 17,107 16,320 66.7 66.3 77.0 74.8 , 
Mathematics .............. 10,313 10,466 11,170 12,342 5,945 5,979 7,916 8,750 57.6 57.1 70.9 70.9 | 
Computer sciences ......... 1,980 2,506 4,810 6,084 1,305 1,581 3,256 4,230 65.9 63.1 67.7 69.5 
Environmental sciences ...... 4,786 5,483 6,406 6,632 3,668 4,136 5,716 5,841 76.6 75.4 89.2 88.1 
Life sciences.............. 44,616 49,003 62,329 61,827 33,243 36,720 51,069 50,449 74.5 74.9 81.9 81.6 
Psychology............... 15,227 16,932 19,866 17,887 7,608 8,582 11,547 10,667 50.0 50.7 58.1 59.6 
Social sciences............ 25,922 28,257 33,015 31,882 13,886 15,213 24,487 22,570 53.6 53.8 74.2 70.8 ) 
Engineering................. 12,903 14,205 18,155 19,325 9,636 8,790 14,641 15,820 74.7 61.9 80.6 81.9 
Men 
Total science & engineering . . . 119,192 128,249 145,355 142,206 78,925 82,907 112,114 109,440 66.2 64.6 77.1 77.0 
Total sciences ............... 106,383 114,170 127,699 123,546 69,363 74,215 97,916 94,239 65.2 65.0 76.7 76.3 
Physical sciences .......... 18,782 19,416 20,186 19,758 12,669 12,985 15,663 15,021 67.5 66.9 77.6 76.0 
Mathematics .............. 9,580 9,652 10,078 11,116 5,594 5,587 7,291 7,925 58.4 57.9 72.3 71.3 
Computer sciences ......... 1,875 2,342 4,366 5,394 1,238 1,486 2,923 3,763 66.0 63.5 66.\" 69.8 
Environmental sciences ...... 4,537 5,167 5,760 5,906 3,493 3,894 5,136 5,188 77.0 75.4 89.2 87.8 
Life sciences.............. 37,661 40,964 47,703 45,409 28,335 30,805 39,486 37,863 75.2 75.2 82.8 83.4 
Psychology............... 11,790 12,619 13,134 10,958 5,989 6,537 7,715 6,785 50.8 51.8 58.7 61.9 
Social sciences............ 22,158 24,010 26,472 25,005 12,045 12,921 19,702 17,694 54.4 53.8 74.4 70.8 
Engineering................. 12,809 14,079 17,656 18,660 9,562 8,692 14,198 15,201 74.7 61.7 80.4 81.5 
Women 
Total science & engineering . . . 16,649 19,538 32,619 35,599 9,761 11,981 23,625 25,207 58.6 61.3 72.4 70.8 
Total sciences ............... 16,555 19,412 32,120 34,934 9,687 11,883 23,182 24,588 58.5 61.2 72.2 70.4 
Physical sciences .......... 1,312 1,519 2,037 2,068 726 902 1,444 1,299 55.3 59.4 70.9 62.8 
Mathematics .............. 733 814 1,092 1,226 351 392 625 825 47.9 48.2 57.2 67.3 
Computer sciences ......... 105 164 444 690 67 95 333 467 63.8 57.9 75.0 67.7 
Environmental sciences ...... 249 316 646 726 175 242 580 653 70.3 76.6 89.8 89.9 
Life sciences.............. 6,955 8,039 14,626 16,418 4,908 5,915 11,583 12,586 70.6 73.6 79.2 76.7 
Psychology ............... 3,437 4,313 6,732 6,929 1,619 2,045 3,832 3,882 47.1 47.4 56.9 56.0 
Social sciences............ 3,764 4,247 6,543 6,877 1,841 2,292 4,785 4,876 48.9 54.0 73.1 70.9 
Engineering................. 94 126 499 665 74 98 443 619 78.7 77.8 88.8 93.1 


NOTE: Academic institutions exclude university-administered federally funded research and development centers. 


SOURCE: Science Resources Studies Division, National Science Foundation (NSF), Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: NSF, forthcoming); and NSF, unpublished tabulations. 
See figure 5-8. ‘ YU, Science & Engineering indicators -— 1993 
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Doctoral scientists and engineers employed as academic faculty, by field and primary responsibility: 1973-91 
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| Pr : sili Pri . bili 
Total employment R&D Teaching Teaching Total employment 
Number ~ Number Percent 
Totai science & engineering Mathematics 
97,980 22,239 66,601 
111,378 24,064 77,075 
118,559 28,676 74,759 
119,989 30,144 73,315 
130,388 32,042 84,821 
133,909 32,714 83,571 
144,663 38,469 87,382 
149,219 46,676 85,757 
154,300 49,326 86,510 
149,874 48,687 84,306 
Total sciences Computer sciences 
87,758 20,506 59,092 
100,111 22,217 68,820 
106,782 26,270 67,150 
107,872 27,835 65,398 
117,217 29,610 75,582 
120,023 30,115 74,455 
129,662 35,320 77,633 
133,265 42,189 76,516 
137,729 44,339 76,955 
132,393 43,707 73,568 
Physical sciences Environmental sciences 
15,020 2,455 11,755 
17,032 3,146 12,943 
17,442 3,974 12,180 
17,400 4,032 11,888 
17,922 3,862 13,064 
17,873 4,159 11,897 
19,252 4,738 12,792 
19,192 5,438 12,755 
18,726 5,249 12,107 
17,555 5,103 11,554 
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Appendix table 5-15. & 
Doctoral scientists and engineers employed as academic faculty, by field and primary responsibility: 1973-91 


(page 2 of 2) - 
Primary responsibility Priniary responsibility 
Total employment R&D Teaching R&D Teaching Total employment R&D Teaching R&D Teaching 
Number Number Percent Number Number Percent 
Life sciences Social sciences 

ia 29,851 11,112 15.764 373 53.8 aa 18.686 2.587 14,144 14.1 77.1 
ee 33,073 11,793 17,902 36.6 556 oe 22.136 2.989 17,062 13.8 73.8 

35,462 13,609 17,018 38.9 48.7 Pre 24,711 3,806 17,499 157 72.2 

1979 ...... 36,840 14,756 16,488 40.3 45.1 ee 24,566 3,532 17,819 145 73.1 

0 ee 40,622 16,715 18.978 41.7 47. Cao « 26.818 3,497 20,854 13.2 78.7 

1983 ...... 42,804 17,298 19.366 40.7 456 ae 27,426 3,180 21,382 11.6 78.2 

1985 ...... 46,241 19.976 19,341 43.9 425 Ry 6 ame 29,341 3,991 22,202 13.9 77.3 

a 48 460 23,790 18,058 49.3 37.4 a 29.646 5,060 21,804 17.1 73.8 

SSN 50.413 23,956 18,871 478 37.7 1989 ...... 30,965 6.008 21,934 19.5 71.2 

a i<¢ see 47,729 23,797 16,961 50.1 35.7 er 29.958 5.401 21,645 18.1 72.7 

Psychology Engineering 

ee 10,444 1,803 7,125 17.4 68.9 ee 10,222 1,733 7,509 17.7 742 

12,507 1,651 9,193 13.4 745 hh >< 11,267 1,847 8.255 16.7 746 

ae 13,091 2,040 8.649 15.7 668 re 11,777 2,406 7,609 20.6 65.1 | 
Pr 13,187 2,200 8,224 16.8 62.7 1979 ...... 12,117 2.309 7,917 19.1 65.5 
tt hseuvee 14,989 2,322 10,251 15.5 68.6 a ¢iee< 13,171 2.432 9.239 18.5 70.4 | 
ar 14,703 2.194 9,628 15.0 65.7 Aen 13,886 2.599 9.116 18° 65.9 

1965 ...... 16,134 2,663 10,420 16.7 65.2 en 15,001 3,149 9,749 21.3 66.0 

ae 16,884 3,151 11,101 18.7 65.8 i wi dies < 15,954 4,487 9.241 28.2 58.1 

1989 ...... 17,175 3,488 10,688 20.5 62.8 ere 16,571 4,987 9.555 30.1 578 

1991 ...... 15,115 3,041 9,290 20.3 61.9 are 17,481 4,980 10,738 28.7 61.9 


NOTES: Academic institutions exclude university-administered federally tunded research and development centers. Faculty includes assistant. associate. and tull professors. instructors. and lecturers. Percentages are based 
on the number of faculty with known work responsibility. The focus here on primary work responsibility is not meant to imply that people are either researchers or teachers. Survey respondents were asked to select their | 
primary and secondary work activities based on the time devoted to each during a typical week. Respondents who listed teaching as thew primary work responsibility often listed research as thew secondary one. and vice 

versa. Research and teaching are closely intertwined. particularly in advanced graduate training. 

SOURCES: Science Resources Studies Division. National Science Foundation (NSF), Characteristics of Doctoral Scientists and Engineers. 1991 (Washington. OC NSF. forthcoming). and NSF. unpublished tabulations. 
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Appendix table 5—16. 
Academic employment and R&D activity of doctoral scientists and engineers, by field, race/ethnicity, and sex: 
1979, 1981, 1989, and 1991 
(page 1 of 3) 
Total employment Total with responsibility for R&D 
Field and race/ethnicity 1979 1981 1989 1991 1979 1981 1989 1991 
Total 
Total science & engineering 
Rg tn Per 127,249 136,984 162,105 153,493 82,595 87,526 122,792 114,882 
ee 4,604 6,340 9,768 15,132 3,630 4,977 8,572 13,105 
Ee ee 1,263 1,689 2,579 4,223 707 717 1,543 2,770 
ee er 1,453 1,596 2,453 3,838 931 1,049 2,030 3,038 
Native American................ 243 217 365 348 176 156 242 248 
Physical sciences 
ee ee 18,664 19,218 20,146 18,593 12,430 12,690 15,447 13,779 
0 ee. eT 834 1,101 1,212 2,205 598 790 987 1,894 
Die h6b bebe ehesnewnstnn 122 146 251 381 90 ° 194 196 
Eee eer 220 275 302 513 157 200 247 348 
Native American................ ° ’ 78 . ’ ’ . . 
Mathematics 
Ee ee ee eee 9,665 9,456 10,117 10,531 5,481 5,448 7,141 7,286 
FT T eee TTT Tee ee 325 617 795 1,257 252 372 607 1,051 
Ztchchaviadees eeetecevses 108 131 121 155 51 52 69 104 
Perr rrr rT Trt Tr 105 142 112 372 71 85 86 287 
Native American................ . ’ . ° ° . ’ ° 
Computer sciences 
i cthbe does. 004eses0e 00 1,837 2,352 4,390 4,999 1,193 1,461 2,951 3,353 
tt eenes (000000606-980%-4 106 124 290 863 96 112 199 733 
reer ee ee ere eT Te ’ . “ 57 . . ‘ 50 
ree Tree eT re Te . ’ 96 62 . . 91 ’ 
Native American................ . ° ’ . ’ ° ° ° 
Environmental sciences 
PETTITT TT TTT , 4,666 5,321 6,018 6,171 3,569 4,029 5,368 5,422 
PPT TEC ET TTT TTT Te . 79 223 235 . 54 204 215 
P+ cec essed heteseeeneene . . . . . . 
A +004 6560664666964 v ’ 58 128 184 . . 110 162 
Native American................ . . ° . . ’ . ’ 
Life sciences 
Ce. £0444. 665 6666000044944 41,791 45,177 56,792 54,151 30,861 33,624 46,278 43,770 
i ¢4+ e064 666000000600008 1,610 2,463 3,598 5,056 1,444 2,193 3,195 4,559 
ti i6) $0468% 66600000008 477 571 797 1,310 315 322 566 989 
Ake bach 0 04406604008 473 565 898 1,072 396 436 810 932 
Native American................ . 56 79 93 . ° 67 71 
Psychology 
CEE ; LAatdbedne 640d 00000080 14,631 16,034 18,589 16,390 7,322 8,142 10,867 9,816 
TTT TTT Terr Te rer T 133 225 317 390 54 160 217 268 
he Ahh se ch bON444 048.544 219 318 519 726 86 99 216 380 
Pn thehiedsige5 5044400584 49 153 311 321 65 81 172 163 
Native American................ , , “ ° . . . . 
Social sciences 
rr rr Te eT Te Tr ree | 24,476 26,600 30,297 27.639 13,207 14,345 22,365 19,340 
DKS S db6 GORE SES ES E4400, . 609 787 1,247 1,862 247 515 1,124 1,546 
Terror Terre er ¥ 307 447 788 1,360 157 169 444 859 
OPP TE TTT TTT Te Tee 215 204 393 811 123 114 331 675 
Native American................ 96 68 132 129 59 " 81 97 
Engineering 
Se ee eee ee 11,519 12,826 15,756 15,019 8,532 7,787 12,375 12,116 
 PPPTTCSTETTCICT ICTS 951 944 2 086 3,264 906 781 2,039 2,839 
ChE hs 6 44 4064 6408400 0 0 ’ 63 72 22’ ’ . , 195 
eT ee Tre rere e 273 168 213 503 84 93 183 425 
Native American................ , , . . . 4 4 
(continued) 
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Appendix table 5-16. 
Academic employment and R&D activity of doctoral scientists and engineers, by field, race/ethnicity, and sex: 
1979, 1981, 1989, and 1991 
(page 2 of 3) 
Total employment Total with responsibility for R&D 
Field and race/ethnicity 1979 1981 1989 1991 1979 1981 1989 1991 
Men 
Total science & engineering 
Dc hbeekteeeh ss ones 000.24 111,819 119,131 132,728 122,741 73,583 76,633 101,602 93,316 
Dinh bhaeus $h040404.024008 4,036 5,494 8,217 12,634 3,242 4,342 7,256 11,100 
hs 60d.6460406-0400060404 912 1,189 1,665 2,846 533 472 1,013 1,834 
ee 1,273 1,384 1,844 3,025 812 913 1,567 2,422 
Native American................ 225 201 298 268 159 141 191 202 
Physical sciences 
ST TTTTT TT Tree 17,493 17,871 18,360 16,990 11,790 11,898 14,196 12,803 
se 723 974 1,032 1,860 530 706 853 1,651 
Dee echeeeeeeseeseeeeeces 112 135 227 331 82 ’ 172 158 
A + hones 6044065088 0068 205 256 258 455 150 195 213 306 
Native American................ . ° 78 . ’ ° ° . 
Mathematics 
ES -55.6.940654044900400882 9,003 8,725 9,177 9,565 5,165 5,087 6,628 6,648 
SPOUT TTETTET TET TTT TTT 267 559 680 1,065 219 347 522 916 
¢ Ct chinekporsinensecede ds 99 116 99 124 50 50 58 85 
ead s bg bikes 44a 0.4648 0% 102 134 103 335 70 81 79 254 
Native American................ . “ . ° ’ ° ’ ° 
Computer sciences 
EMT TTTETTTT CTT Te 1,737 2,197 3,978 4,427 1,131 1,372 2,641 2,953 
dh oh0e6h00400404600008 0 101 117 270 755 91 108 181 676 
Te TT ee Te Tr Te Te er . ° ’ ° ° ’ ° ’ 
err e errr TTT Tir ° . 89 62 89 ’ 
Native American................ ° ° “ . ’ . ’ ° 
Environmental sciences 
DA 4 he b54008 604000080888 4,421 5,024 5,412 5,488 3,398 3,804 4,823 4,812 
SETS TTeTTT TET TLE TTT ee . 75 199 206 . 50 180 186 
WPT TTT Te TTT Tere . ° . . ° 7" 
TT Terr Terr Tr ° 51 118 177 . 103 155 
Native American................ ’ ’ ’ . . ’ 
Life sciences 
ss 6 66060456000 .4840090% 35,395 37,915 43,689 39,945 26,342 28,302 35,970 33,041 
PT TTeTerrrerei Tet 1,345 2,001 2,729 3,740 1,240 1,790 2,398 3,367 
TTT TeTEPTTT Terr 295 369 433 841 218 209 337 657 
ETT. TTT eT Te 398 479 664 731 337 375 613 649 
Native American................ ‘ ' . 54 ’ ° 51 
Psychology 
ee 11,398 12,041 12,465 10, 167 5,796 6,235 7,368 6,326 
eT Te rere Terr Ter TT eT 84 123 170 236 ’ 100 105 196 
TTT TTrrrrerrre ae ri 144 169 241 330 52 ’ 80 111 
TTT TTLTTT TTT 50 120 165 180 " 62 96 112 
Native American................ . ’ . ° ’ ° ° 
Social sciences 
DSS SO 6060004 00000400480884 20,935 22,642 24,323 21,675 11,493 12,231 17,990 15,106 
DEShs 60000400000 br 0000088 543 712 1,005 1,577 204 A469 1,015 1,338 
DAA eivedwe¥.bbeenneeewess 233 332 573 969 123 168 317 621 
ss MPT ITIT TTT LT TTT 177 153 245 618 94 76 202 511 
Native American................ 96 68 116 105 59 68 73 
Engneesring 
DS, cb 0O6 6464000004600 0006% 11,437 12,716 15,324 14,484 8,468 7,701 11,986 11,627 
STP TET eT CT eT Tere 941 933 2,042 3,195 896 772 2,002 2,770 
SPT TETTTECTCTOC Eee ee ’ 63 65 202 . . , 160 
PTT TTT TEC TL ee 273 166 202 467 84 91 172 389 
Native American................ . . . . . . 
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Appendix table 5-16. 
Academic employment and R&D activity of doctoral scientists and engineers, by field, race/ethnicity, and sex: 
1979, 1981, 1989, and 1991 
(page 3 of 3) 
Total employment Total with responsibility for R&D 
Field and race/ethnicity 1979 1981 1989 1991 1979 1981 1989 1991 
Women 
Total science & engineering 
Dit cakes shes e 46000406088 15,430 17,853 29,377 30,752 9,012 10,893 21,190 21,566 
Deke ceeeebes s 0440400040 568 846 1,551 2,498 388 635 1,316 2,005 
DM icbetéene boeeneredons 351 500 914 1,377 174 245 530 936 
ee 180 212 609 813 119 136 463 616 
Native American................ ’ . 67 80 . 51 
Physical sciences 
PECL S. Upisecangedeee bee 1,171 1,347 1,786 1,603 640 792 1,251 976 
0 SE ee ree 111 127 180 345 68 84 134 243 
Dh ci h > ehebhheod00s6e0000 ° ° ° 50 ° . ’ . 
Se ee ° ° ° 58 ’ ° ’ ’ 
Native American................ ° . ° ° . . . ° 
Mathematics 
ehhh 66804046004 6400004 662 731 940 966 316 361 513 638 
FES TTTT TTT TT TT Te TT 58 58 115 192 . ’ 85 135 
SPOT TT TTT TT TT Tere ’ . ° . ° . . . 
LS Dad > 44006000000 00% ° . ° ° ’ ° “ . 
Native American................ ° . . ° ° . . ° 
Computer sciences 
EPMO TTTTTCTTT LTTE 100 155 412 572 62 89 310 400 
FEET TUTTE LECT TTT TT . . ’ 108 ° . ‘ 57 
Si tbGh66A4600400064404 . ° . ° , . 
EF STTTTT TCE TTT Tre ° . ° ° ’ . 
Native American................ . . . . ° ° . 
Environmental sciences 
PPS SeRE NORE 0K000066080006 245 297 606 683 171 225 545 610 
PhS SS6440500000000000065 ’ . . ’ . . ° " 
FT eTreeTTriTTiT Tree ° ’ . ’ . . ° . 
TS TTTTTTT TTT TTT . . . ° , . ’ ’ 
Native American................ ’ . . . ° . " 
Life sciences 
PER oeSehebeenecseeneeeees 6,396 7,262 13,103 14,206 4,519 5,319 10,308 10,729 
SET TETTTTCCT CTT TTT 265 462 869 1,316 204 403 797 1,192 
RD 664060 4.0000004600006404 182 202 364 469 97 113 229 332 
(“TTT TTTT ET TET Te Te 75 86 234 341 59 61 197 283 
Native American................ ’ . . . . ’ ° 
Psychology 
Tre T Tere reer ee 3,233 3,993 6,124 6,223 1,526 1,907 3,499 3,490 
Deh Ob6¢60 0604060048 00665 . 102 147 154 . 60 112 72 
SEP TTTTTTCLEL ETT ETT TET 75 149 278 396 55 136 269 
GD 6560606000 0000646006 , ° 146 141 ° . 76 51 
Native American................ 7 ’ “ . . ° ’ “ 
Social sciences 
DEES bbAGR04 6000600500600 3,541 3,958 5,974 5,964 1,714 2,114. 4,375 4,234 
DCA S600 684 0040560000000 66 75 152 285 ° 7 109 208 
DS 44b00660060000s 000068 74 115 215 391 ° 61 127 238 
AeA bS4 006004 00600000% ° 51 148 193 7 129 164 
Native American................ ’ ’ ’ ’ ’ 7’ 
Engineering 
MEFTOPTTTT TTT TTT Tire 82 110 432 535 64 86 389 489 
hh heehee ss00eeeebeeues . ' 69 " 2 69 
STU TEPTC CT TEC TET TT , . ’ , . 7 . 
Peis tiergssetskedesers ° ° ° : . : . : 
Native American................ . 7 : . . ” " 


* = too few cases in survey to estimate population values 


NOTES: Details cannot be aggregated to totals because of small sample sizes. Data reflect the composition of survey respondents whose field of employment, 
race/ethnicity, sex, and primary and secondary work responsibilities are known. Data are weighted estimates from sample surveys.Small numbers are subject to 


especially large variability and may not accurately reflect population patterns. 


SOURCE: Science Resources Studies Division, National Science Foundation (NSF), Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: 


NSF, forthcoming); and NSF, unpublished tabulations 
See text table 5—5. 
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Appendix table 5-17. 2 
Academic employment and R&D activity of doctoral scientists and engineers, by number of years since doctorate award and field: 1973-91 ad 
(page 1 of 3) ° 
Total employment i” Active in R&D Bg a Se Active in R&D aid 
Years since doctorate a __ Years since doctorate Years since doctorate —_ 
1-3 4-7 8-10 11-15 15+ 1-3 47 8-10 11-15 15+ 1-3 4-7 8-10 11-15 15+ 
All science and engineering fields 
ee 21,816 26.249 14,266 15,449 29,743 17,221 20,653 10,869 11,296 20,908 78.9 78.7 76.2 73.1 70.3 
i 19,947 31,150 17,678 19,546 34245 15800 23,385 13,177 13,913 23,264 79.2 75.1 745 71.2 67.9 
ee a 18,606 31,240 19,769 23,241 37,639 12919 20,546 12959 14327 23,120 69.4 65.8 65.6 61.6 61.4 
ES PR parr erry 17,453 26920 21,161 27,579 42,728 12,956 17,752 13,705 17,863 26,410 74.2 65.9 64.8 64.8 61.8 
ie a i lo 17,287 26,383 20,844 32,456 50,817 13,491 18,365 13,197 19,605 30,230 78.0 69.6 63.3 60.4 59.5 
ee re eae 16,159 24.156 17,826 35,355 58,616 12,071 16,783 11,585 21,425 34,293 74.7 69.5 65.0 60.6 58.5 
Dee ce ch tes sabes s diel 16,885 25,128 18,819 35,276 71,203 12,537 17,424 12,411 20,772 42,009 74.2 69.3 65.9 58.9 59.0 | 
Dh cs sn tabeoeseoccad 15,776 24,083 17,644 131,189 80,854 13,448 19,585 14,010 23,725 58,311 85.2 81.3 79.4 76.1 72.1 
CC SS ee ee ee 16,912 23,603 17,925 29,998 89,536 14,311 20,121 14,309 23,165 63,843 84.6 85.2 79.8 77.2 71.3 
Ee eee eee ee ee 22,092 27,511 18,556 27,694 81,952 18,613 22,942 14,949 20,834 57,309 84.3 83.4 80.6 75.2 69.9 
Physical sciences | 
en 3,029 4,183 2,362 2,696 5,032 2,484 3,316 1,885 2,115 3,529 82.0 79.3 79.8 78.4 70.1 
tip i keacsankeee s&h 2,236 4,529 2,995 3,607 6,203 1,838 3,547 2,345 2,682 4,374 82.2 78.3 78.3 74.4 70.5 
— TTT Terre TTT ee 2,183 4,010 3,112 3,894 6,909 1,867 2,766 2,153 2,526 4,573 85.5 69.0 69.2 64.9 66.2 
ee ss ee ee ee ee 1,835 2,681 3,050 4,701 7,827 1,619 1,877 2,000 3,087 4,812 88.2 70.0 65.6 65.7 61.5 
CE ee ee 1,835 2,635 2,185 5,218 9,062 1,647 2,143 1,498 3,142 5,457 89.8 81.3 68.6 60.2 60.2 
MST UTTTITTT CTT TT 1,501 2,083 1,856 4,688 10,679 1,303 1,652 1,352 3,026 6,666 86.8 79.3 72.8 64.5 62.4 
ee Te ee ee ee ee 1,760 2,111 1,825 3,968 13,287 1,542 1,716 1,417 2,316 8,296 87.6 81.3 77.6 58.4 62.4 
0 A 1,538 1,973 1,514 3,227 14,124 1,438 1,724 1,330 2,513 10,091 93.5 87.4 87.8 77.9 71.4 
Dieses 6456040068404 1,966 1,940 1,443 2,649 14,225 1,872 1,826 1,259 2,061 10,089 95.2 94.1 87.2 778 70.9 
Dt bin 6-60 8020050600 %% 2,750 2,535 1,662 2,183 12,696 2,476 2,041 1,430 1,673 8,700 90.0 80.5 86.0 76.6 68.5 | 
| 
Pa ecehcksssssseees 1,991 2,649 1,231 1,037 1,895 1,463 2,031 933 687 1,131 73.5 76.7 75.8 66.2 59.7 
P—Chkieheneekeseeeeaes 1,492 3,116 1,561 1,516 2,127 1,073 2,209 1,145 1,110 1,284 71.9 70.9 73.4 73.2 60.4 
Dick eteecksadeecaess 1,330 2,536 1,930 2,006 2,369 896 1,434 1,198 1,116 1,335 67.4 56.5 62.1 55.6 56.4 
DR th + theeebisesesse 947 1,803 2,013 2,673 2,877 798 868 1,136 1,602 1,541 84.3 48.1 56.4 59.9 53.6 
ES See eee ee ee 904 1,547 1,584 2,967 3,464 669 1,016 836 1,588 1,870 74.0 65.7 52.8 53.5 54.0 
DS ios 646654 60054664 815 1,379 1,140 2,859 4,267 630 963 584 1,520 2,300 77.3 69.8 51.2 53.2 53.9 
Sr rreerreTr TTT TT 847 1,126 922 2,644 5,584 630 784 492 1,279 3,010 74.4 69.6 53.4 48.4 551.9 > 
avs c6s646066006608 716 1,298 858 1,881 6,111 630 1,095 651 1,366 4,018 88.0 Ea 4 75.9 72.6 65.8 
Phe hckeeessbbs . 0b e8% 639 1,116 388 1,639 6,888 552 937 733 1,189 4,505 86.4 0 8o.5 72.5 65.4 
SPT rer yey 1357 1596 1392 1668 6329 1,118 1402 1,042 1,373 3815 824 878 749 823 863.3 


Appendix table 5-17. © 
Academic employment and R&D activity of doctoral scientists and engineers, by number of years since doctorate award and field: 1973-91 oy 
(page 2 of 3) 3 
Ro 
Total employment Active in RED a |. a: 
Years since doctorate ____Yearssincedoctorate _____Yearssincedoctorate 3 
1-3 4-7 8-10 11-15 15+ 1-3 47 8-10 11-15 15+ 1-3 4-7 8-10 11-15 15+ 2 
- Number Percent 2 
Computer sciences g 
3 
l 
300 287 172 190 301 246 215 137 160 213 82.0 743 79.7 84.2 70.8 _— 
NE ab i a a ee it 338 363 173 218 373 256 231 82 172 295 75.7 63.6 47.4 78.9 79.1 ® | 
Eee ee ee ee 294 473 242 227 431 213 310 107 146 316 72.4 65.5 44.2 64.3 73.3 ) 
Dc ihiee ss pee bake 240 579 429 322 410 182 344 302 203 274 75.8 59.4 70.4 63.0 66.8 
0 a ee 382 532 472 521 599 349 335 244 316 337 91.4 63.0 51.7 60.7 56.3 
EA ee ee ee 375 762 449 720 889 209 462 246 315 545 55.7 60.6 54.8 43.7 61.3 
AS ee ee 375 655 486 1,113 1,157 224 412 277 448 502 59.7 62.9 57.0 40.3 43.4 
Dich eslanisitvnbhees 398 506 488 962 1,823 344 443 327 563 1,077 86.4 87.5 67.0 58.5 59.1 
Dh. 6 cee eee ek ake 477 564 527 985 2,257 368 505 488 604 1,291 77.1 89.5 92.6 61.3 57.2 
a 967 1,007 380 1,151 2,579 891 845 269 740 1,485 92.1 83.9 70.8 64.3 57.6 
Environmental sciences 
ehh a ie ee ak lee 886 1,097 618 648 1,284 785 844 505 536 875 88.6 76.3 81.7 82.7 68.1 
th oeehekbébcateess 880 1,126 800 845 1,359 823 934 618 622 958 93.5 82.9 77.2 736 70.5 
ATCT TT eT ee ee 739 1,258 730 1,019 1,508 679 1,055 515 701 1,025 91.9 83.9 70.5 68.8 68.0 
Ee eee ee eee 629 831 757 1,059 1,510 548 685 539 809 1,087 87.1 82.4 71.2 76.4 72.0 
OE ree a 745 856 857 1,162 1,863 727 722 656 784 1,247 97.6 84.3 76.5 675 66.9 
DUK ci kkesseccase ee 702 1,055 632 1,002 2,139 609 885 536 653 1,406 86.8 83.9 84.8 65.2 65.7 
Shee Geek bsssisacrdch 502 892 661 1,180 2,538 435 741 563 885 1,707 86.7 83.1 85.2 75.0 67.3 
Dei ckh sce nsddeiawar 671 859 552 1,291 2,627 634 851 445 1,170 2,190 94.5 99.1 80.6 90.6 83.4 
Dickies wetseeesacses 604 937 680 1,126 3,059 588 902 603 1,057 2,566 97.4 96.3 88.7 93.9 83.9 | 
Tetiievesesesesae er 783 1,010 842 1,133 2,864 732 924 798 935 2,452 93.5 91.5 94.8 82.5 85.6 | 
Life sciences | 
hhh stagsisababeecks 6,617 7,531 4,169 4,757 11,135 5,406 6,430 3,366 3,770 8,781 81.7 85.4 80.7 79.3 78.9 
Div bikhneesoee see 62 6,301 9,324 4,813 5,690 11,754 5,216 7,508 3,890 4,446 8,749 82.8 80.5 80.8 78.1 74.4 
tk kbivithabesssaeee 6,119 9,775 6,005 6,636 12,715 4,701 7,385 4,473 4,744 8,772 76.8 75.5 74.5 715 69.0 | 
eT TTT Te eT eT e 6,076 9,483 6,716 7,938 14,403 5,001 7,258 4,993 5,778 10,213 82.3 76.5 74.3 72.8 70.9 | 
Se eee eee 6,572 9,211 6,840 9,656 16,724 5,772 7,414 5,022 7,084 11,428 87.8 80.5 73.4 73.4 68.3 | 
Dh bé 4464204 66660004 6,583 8,639 6,166 11,811 18,430 5,561 6,677 4,598 8,379 12,355 84.5 77.3 74.6 70.9 67.0 
Fe eee ee ee 6,677 9,434 6,716 11,785 22,132 5,752 7,538 4,846 8,521 14,685 86.1 79.9 72.2 72.3 66.4 
Pécs ecusasadseve 6,320 9,679 6,546 10,772 24,934 5,616 8,223 5,665 8,857 19,146 88.9 85.0 86.5 82.2 76.8 | 
eS 7,275 9,634 7,266 10,405 27,749 6,375 8,533 6,036 8.689 21,436 87.6 88.6 83.1 83.5 77.2 | 
OO ee 8,496 10,645 7,537 10,164 24,985 7,280 9,093 6,487 8,218 19,371 85.7 85.4 86.1 80.9 775 | 
(continued) = * 
Y/ 2 
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Appendix table 5-17. s 
Academic and R&D activity of doctoral scientists and engineers, by number of years since doctorate award and field: 1973-91 > 
(page 3 of 3) . 
Total employment Active in R&D Active in R&D 
Years since doctorate Years since doctorate Years since doctorate 
1-3 4-7 8-10 11-15 15+ 1-3 47 8-10 11-15 15+ 1-3 4-7 8-10 11-15 15+ 
Nunber —_—_—_—_—_—_—_- ———_ ————_ Panam — 
Psychology 
SS ree 2,477 2,910 1,469 1,674 2,693 1,837 1,948 970 1,013 1,614 74.2 66.9 66.0 60.5 59.9 
Dttihhtbs iuebneeeses 2,579 3,619 1,858 1,995 3,567 1,717 2,303 1,225 1,133 1,892 66.6 63.6 65.9 56.8 53.0 
0 SS ee 2,555 3,651 1,953 2,302 3,688 1,359 2,011 1,081 1,096 1,726 53.2 55.1 55.4 476 46.8 
TCT TTC TET TTT Te 2,636 3,551 2,230 2,612 4,198 1,575 1,813 1,199 1,101 1,920 59.7 51.1 53.8 42.2 45.7 
is hneebse06sd 00048 2,246 3,717 2,579 3,344 5,046 1,297 2,064 1,359 1,612 2,250 57.7 55.5 52.7 48.2 446 
DPtLhAeathetee bares 2,060 3,160 2,183 3,418 5,658 1,039 1,729 1,257 1,371 2,671 50.4 54.7 57.6 40.1 47.2 
dks b4b003660066% 2,482 3,387 2,516 3,803 6,785 1,165 1,568 1,235 1,774 2,953 46.9 46.3 49.1 46.6 43.5 
Tey T TTT Terre 2,307 3,209 2,179 3,721 7,947 1,438 2,017 1,444 2,384 4,555 62.3 62.9 66.3 64.1 57.3 
— ATT Te TTT Tye 2,188 2,932 2,105 3,722 8,919 1,317 1,723 1,312 2,101 5,094 60.2 58.8 62.3 56.4 57.1 
Ptibttbveetaceodeees 1,870 3,019 1,975 2,937 8,086 1,287 2,048 1,055 1,676 4,601 68.8 67.8 53.4 57.1 56.9 
Social sciences 
eer e TTT Tee 4,726 4,522 2,379 2,765 4,899 3,507 3,234 1,564 1,673 3,049 742 715 65.7 60.5 62.2 
che heseeesssaassds 4,813 6,333 3,056 3,246 5,758 3,766 4,497 1,995 1,965 3,554 78.2 71.0 65.3 60.5 61.7 
Dich cceeseeseessbens 4,237 7,393 3,453 3,889 6,461 2,316 3,984 1,814 1,724 3,084 54.7 53.9 52.5 443 47.7 
rrr rT Trt 4,200 6,005 4,245 4,566 6,906 2,477 3,283 2,376 2,520 3,230 59.0 54.7 56.0 55.2 46.8 
 SFPrrrrTrTy Tritt 3,628 6.217 4,358 6,117 7,937 2,187 3,519 2,251 3,173 4,083 60.3 56.6 51.7 51.9 51.4 
rrr TrrTrrTirr sy 3,159 5,409 4,210 6,826 9,629 1,993 3,156 2,237 3,289 4,215 63.1 58.2 §3.1 48.2 43.8 
he hS 6606504000008 3,159 5,456 4,364 7,414 11,210 1,871 3,161 2,665 3,512 5,454 59.2 57.9 61.1 47.4 48.7 
DLC hSS GOO 0660000008 2,668 4517 4,240 6662 13,322 2,263 3,472 3,024 4,734 9,247 84.8 76.9 71.3 71.1 69.4 
TTT TTT TTT Te 2,440 4459 3,653 6,760 15,703 2,027 3,782 2,731 5.170 10,787 83.1 84.8 748 76.5 68.7 
rrr eT Te Tere TT 3,455 4906 3,224 5.836 14,461 2,618 4,019 2,523 3,950 9,460 75.8 81.9 78.3 67.7 65.4 
Engineering 

Sere Trrrrerreitey 1,790 3,070 1,866 1,682 2,504 1,493 2,635 1,509 1,342 1,716 83.4 85.8 80.9 79.8 68.5 
SEG 4666 66% 0066460 1,308 2,740 2,422 2,429 3,104 1,111 2,156 1,877 1,783 2,158 84.9 78.7 775 73.4 69.5 
TTT TT TTT TTT Ty 1,149 2,144 2,344 3,268 3,558 888 1,601 1,618 2,274 2,289 773 74.7 69.0 69.6 64.3 
Phi bb66666 000600068 890 1,987 1,721 3,708 4,597 756 1,624 1,160 2,763 3,333 84.9 81.7 67.4 745 725 
Di heb66s606h00040 686 975 1,668 1,969 3,471 6,122 843 1,152 1,331 1,906 3,558 86.5 69.1 67.6 54.9 §8.1 
bA66466660006440066 4 1,669 1,190 4,031 6,925 727 1,259 775 2,872 4,135 75.4 75.4 65.1 712 398.7 
A+ 6620 660060460608 1,083 2,067 1,329 3,369 8,510 918 1,504 916 2,037 5,402 84.8 728 68.9 60.'5 63.5 > 
 SrrveTrr TTT TTT Tr 1,158 2,042 1,267 2,673 9,966 1,085 1,760 1,124 2,138 7,987 93.7 86.2 88.7 80.0 80.1 
PN sO6.s 40 60.0006600508 1,323 2,021 * 363 2.712 10,736 1,212 1,913 1,147 2,294 8,075 91.6 94.7 84.2 84.6 75.2 
WLAAh 00 604 beeseb00% 2414 2,793 1,*4 2,622 9,952 2,211 2,570 1,345 2,269 7,425 91.6 92.0 87.1 PAS 748 
SOURCE: Science Resources Studies Division, Nasional Science Foundation (NSF), Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: NSF, forthcoming); and NSF, unpublished tabulations. my 
See figure 5-10 and text table 5-6. “4 Science & Engineering inkcutors - 1983 
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Appendix table 5-18. 
Full-time graduate students in science and engineering supported by research assistantships, 
by source and field: 1979-91 
(page 1 of 3) 
Full-time graduate students 
Total Federal Nonfederal Total Federal Nonfederal 
Total with RAs RAs RAs with RAs RAs RAs 
- —Numbder——_____—_—_ Percent 
Total science and engineering 
2 232,376 48.999 28,016 20,983 21.1 12.1 9.0 
ae 238,868 51.594 29,329 22,265 21.6 12.3 9.3 
Rs i 66 es ehh 242.777 52.752 29,149 23,603 21.7 12.0 9.7 
esd 66008 245,378 52,563 28,293 24,270 21.4 11.5 9.9 
ae 252.846 54,923 29,144 25.779 21.7 11.5 10.2 
Se 254.735 57,771 29,457 28,314 22.7 11.6 11.1 
A Eee 258,241 61,040 30,432 30,608 23.6 11.8 11.9 
re 267.075 66,071 32,747 33,324 24.7 12.3 125 
hébehssses 271,772 70,221 34,966 35,255 25.8 12.9 13.0 
0 Pe 276,225 74,568 36,741 37,827 27.0 13.3 13.7 
Dn tibeecaces 283,849 79,116 38,552 40,564 279 13.6 14.3 
DNA +éee06068 288.981 79,595 38,022 41,573 275 13.2 14.4 
308,669 84,901 40,609 44,292 27.5 13.2 14.3 
Physical sciences 
are 22.535 7,806 6,512 1,294 34.6 28.9 5.7 
arr 22,918 8,340 6,980 1,360 36.4 30.5 5.9 
ere 23,308 8,607 7.271 1,336 36.9 31.2 5.7 
the ¢ensond 24,038 8,768 7,095 1,673 36.5 29.5 7.0 
0 Ss 25.205 9,145 7,471 1,674 36.3 29.6 6.6 
Dt ecessbaces 25,852 9,628 7,807 1,821 37.2 30.2 7.0 
thé &6%6 4060 26,669 10,284 8,065 2,219 38.6 30.2 8.3 
ee 27.764 10,994 8.665 2,329 39.6 31.2 84 
eee 28,414 11,558 8,873 2,685 40.7 31.2 94 
0 Ere 28,574 12,056 8,968 3,088 42.2 31.4 10.8 
0 ee 29,207 12,426 9,145 3,281 425 31.3 11.2 
Ee 29,042 11,972 8,725 3,247 412 30.0 11.2 
eee 30,131 12,223 8,881 3,342 40.6 29.5 11.1 
Mathematics/computer sciences 

+ hé6s ébewe 15,520 1,642 1,005 637 10.6 6.5 4.1 
0 ee 16.489 1,820 1,099 721 11.0 6.7 44 
ee 17,599 1,858 1,055 803 10.6 6.0 46 
ere Te 19,985 2,036 1,140 896 10.2 5.7 45 
21,644 106 1,193 1,013 10.2 5.5 47 
er 22.898 2.!507 1,382 1,125 10.9 6.0 49 
nn sc. ww ee es 25.919 3,074 1,551 1,523 11.9 6.) 5.9 
D> theeeedes 277 3,392 1,688 1,706 12.2 6.1 6.2 
| PPT 26,516 3,948 2.142 1,806 138 75 6.3 
eee 28,907 4.273 2.312 1,961 14.8 8.0 68 
ae 23,49? 4.643 2,445 2.198 157 83 75 
Ee 30,693 4.673 2,398 2.275 18.2 78 74 
ee 30.811 4,897 2.596 2.301 159 84 75 
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Appendix table 5-16 
Full-time students in science and cngineering supported by research assisiantships, 
by support source and field: 1979-3? 
(page 2 of 3) 
Full-twme graduate students 
Toial Federal Nontederai Total Federal Nontederal 
Total with RAs RAs RAs with RAs RAs RAs 
Number Percent 
Eavironmenia! sciences 
Se 10,724 3,587 2.706 881 33.4 25.2 8.2 
ere 10,969 3.770 2.702 1,068 34.4 24.6 9.7 
ee 11,038 3463 2.402 1,067 31.4 218 9.7 
11,436 3.339 2.323 1,016 29.2 20.3 8.9 
re 4 bbsekeea 12,068 3.545 2.348 1,197 29.4 19.5 99 
Sr 11,837 3,583 2.328 1,255 30.3 19.7 10.6 
11,458 3.728 2.419 1,318 32.5 21.0 11.5 
er 11,347 3.438 2.372 1.466 33.8 20.9 12.9 
Sey 10,543 3,660 2.251 1.409 34.7 21.4 13.4 
a 10,299 3.892 2.317 1,575 378 22.5 15.3 
ees 10,143 4.169 2.482 1.687 41.1 24.5 16.6 
err 10,273 4.153 2.445 1,708 40.4 23.8 16.6 
10,414 4.358 2.539 1,819 418 244 17.5 
Lite sciences 

as 70,966 18,412 7.222 6.190 21.7 10.2 11.5 
FP 71.957 15,896 7 £28 8.268 22.1 10.6 11.5 
ree 71,931 16.344 7,593 8,751 22.7 10.6 12.2 
nh + 665006602 69,953 16.223 7,275 8.948 23.2 10.4 128 
See 69.696 16.496 7.260 9.236 3.7" 10.4 13.3 
ee 70.230 17,576 7,387 10,159 25.0 10.5 145 
PP 69.509 17,896 7.989 9,907 25.7 11.5 14.3 
rh é o> 666064 70.661 19,220 8.562 10.658 27.2 12.1 15.1 
ih f6v.oeevees 71,456 20,225 9.344 10.881 28.3 13.1 15.2 
ee 73,039 21,582 10.042 11,540 29.5 13.7 15.8 
a : ékeen oe 75,452 23,183 10,930 12,253 W.7 145 16.2 
nS é45beee ae 14.936 23.403 10.902 12,501 31.2 145 16.7 
a 82.938 25.674 12.060 13,614 31.0 145 16.4 
RE 25,859 2,528 1,170 1.358 $8 45 53 
A 26.678 2,670 942 1,628 96 3.5 6.1 
0 Se 26,715 2.390 1,036 1,854 10.8 39 6.9 
bib eeseees 25.812 2.723 927 1,796 10.5 3.6 7.0 
re 26.693 2.962 944 2.018 11.1 3.5 76 
0 76,102 3,027 962 2.065 11.6 3.7 79 
EE 25.751 3.078 1,017 2,061 12.0 39 8.0 
er 2€ 469 3,114 1,021 2.093 118 3.9 79 
Py . 0660 60h 0 27 308 3.218 1.078 2.140 118 3.9 78 
1986. . 28 366 3,733 1.210 2.525 13.2 43 89 
1989. . 29.608 3.866 1.278 2,588 13.1 43 8.7 
nh, -eeaeuee 39.694 451 1.326 2.725 13.2 43 8.9 
Pe cheunteese 32.382 4.275 1.459 2.816 13.2 45 8.7 
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Appendix table 5-18. 
Full-time graduate students in science and engineering supported by research assistantships, 
by support source and field: 1979-91 


(page 3 of 3) 
Full-time graduate students 
Total Federal Nontederal Total Federal Nontederal 
Total with RAs RAs RAs with RAs RAs RAs 
- - Number Percent 
Social sciences 
ee 46,755 5.207 1,403 3.804 11.1 3.0 8.1 
0 See 47,137 5.275 1444 3,831 112 3.1 8.1 
Pt rckhn gees 46,335 5.196 1.267 3,929 112 27 85 
i ipbbeeeeed 44 289 4.866 971 3,895 11.0 22 88 
hs .eshseas 43,609 5,032 933 4.099 115 2.1 94 
hs s6esese0% 42,659 5.166 916 4.250 12.1 2.1 10.0 
0 ee 42,997 5,080 974 4.106 118 23 95 
eer 42,907 5.101 885 4216 119 2.1 98 
ae 43,550 5.465 917 4548 12.5 2.1 10.4 
ee 43,853 5.580 921 4.659 12.7 2.1 10.6 
Se 45,401 6.227 1,013 5.214 13.7 22 11.5 
0 Serre e 47,651 6.257 1,073 5.184 13.1 23 10.9 
Di eskiedsees 50.763 6.711 1,164 5,547 13.2 23 109 
Engineering 

Ph 6466606606 40.017 12.817 7,998 4819 32.0 20.0 12.0 
0 Perr re 42,720 13,923 8.534 5.389 32.6 20.0 126 
PA cheeebees 45,851 14,388 8.525 5,863 31.4 18.6 128 
ee 49.865 14.608 8,562 6.046 29.3 17.2 12.1 
s+ steeee soe 53,931 15,537 8,995 6.542 28.8 16.7 12.1 
icepeneess 55.157 16,284 8,675 7.609 29.5 15.7 13.8 
ihtbes seaweed 55,938 17,900 8.426 9.474 32.0 15.1 16.9 
err 60,227 20,412 9.556 10.856 33.9 15.9 18.0 
0 Sere 61,885 22,147 10,361 11,786 35.8 16.7 19.0 
CO TT 63.187 23,452 10,971 12.481 37.1 174 198 
Pee 64 546 24,602 11,259 13.343 38.1 17.4 20.7 
th 6596 e0s66< 65,692 25,086 11,153 13,933 38.2 17.0 212 
Se 71,230 26.763 11,910 14,853 37.6 16.7 209 
RA = research assistantstup 


SOURCE Science Resources Studies Division. National Scrence Foundation (NSF). Academic Scence and Engineenng Graduate Enroliment and Support. F all 
1991. NSF 93-309 (Washington. DC: NSF. 1993). and NSF. unpublished tabulations 


See figure 5-11 Sovence & Engineenng inchcators - 1993 
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Appendix tabie 5-12. 

Academic reséarchers reporting ‘sderal support, by number of years since doctoraie award and field: 1973-91 

(page 1 of 2) 
Years since doctorate pe ~ Years since doctorate 
researchers 1-3 47 6810 11-15 15+ researchers 1-3 47 810 11-15 1% 


$SSISERSEE 
SRERSRSSRS 
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Appendix table 5—19. 
Academic researchers reporting federal support, by number of years since doctorate award and field: 1973-91 
(page 2 of 2) 
All Years since doctorate All Years since doctorate 
researchers 1-3 4-7 8-10 11-15 15+ researchers 1-3 4-7 8-10 11-15 15+ 
Number Percent 
Life sciences 
1973 ..... 18,645 3,717 4323 2,281 2,452 5,872 67.2 68.8 67.2 67.8 65.0 66.9 
19,322 3,469 4,787 2,578 2,911 5,577 64.8 66.5 63.8 66.3 65.5 63.7 
> ar 20,522 3,315 5,052 3,126 3,282 5,747 68.2 70.5 68.4 69.9 69.2 65.5 
1979 21,743 3,482 4,790 3,237 3,766 6,468 65.4 69.6 66.0 64.8 65.2 63.3 
1981 ..... 23,194 4,355 4872 3,119 4,287 16,561 63.2 75.5 65.7 62.1 60.5 57.4 
1983 . 25,954 3,961 4,886 3,344 5805 7,958 69.1 71.2 73.2 72.7 69.3 64.4 
1985 ..... 24,442 3,481 4,781 3,012 5,179 7,989 59.1 60.5 63.4 62.2 60.8 54.4 
1987 ..... 34,420 4,093 6254 4,529 6,695 12,849 72.5 72.9 76.1 79.9 75.6 67.1 
1989 ..... 37,488 5,056 6,464 4,668 6,876 14,424 73.4 79.3 75.8 77.3 79.1 67.3 
1991 ..... 36,386 5,167 6,663 5,180 6,146 13,230 72.1 71.0 73.3 79.9 74.8 68.3 
Psychology 
3,296 751 861 383 456 845 44.6 40.9 44.2 39.5 45.0 52.4 
1975 ..... 3,336 558 940 459 483 896 40.3 32.5 40.8 37.5 42.6 47.4 
are 2,838 465 750 376 485 762 39.0 34.2 37.3 34.8 44.3 44.1 
tinens 3,129 724 784 456 353 812 41.1 46.0 43.2 38.0 32.1 42.3 
1981 ..... 3,261 719 838 438 468 798 38.0 55.4 40.6 32.2 29.0 35.5 
1983 ..... 3,001 355 652 566 477 951 37.2 34.2 37.7 45.0 34.8 35.6 
1985 ..... 2,866 483 594 499 474 816 33.0 41.5 37.9 40.4 26.7 27.6 
1987 ..... 4,358 708 708 668 776 = 1,498 36.8 49.2 35.1 46.3 32.6 32.9 
1989 ..... 4,797 670 700 482 1,104 1,841 41.5 50.9 40.6 36.7 52.5 36.1 
a bs ees 4,104 490 854 324 799 1,637 38.5 38.1 41.7 30.7 47.7 35.6 
Social sciences 
ae 4,094 944 1,139 536 543 932 31.4 26.9 35.2 34.3 32.5 30.6 
i éeees 4,410 834 1,344 677 539 1,016 28.0 22.1 29.9 33.9 27.4 28.6 
a «se 4,180 661 1,265 650 611 993 32.3 28.5 31.8 35.8 35.4 32.2 
nT 64.0% 4,266 766 953 776 907 864 30.7 30.9 29.0 32.7 36.0 26.7 
1981 ..... 4,270 552 ~=«- 1,084 530 1,029 #«1,075 28.1 25.2 30.8 23.5 32.4 26.3 
1983 ..... 4,962 783 1,268 572 1,133 1,206 33.3 39.3 40.2 25.6 34.4 28.6 
1985 ..... 3,534 280 638 431 871 1,314 21.2 15.0 20.2 16.2 24.8 24.1 
nn 4646 7,126 547 1,342 842 1,675 2,720 31.3 24.2 38.7 27.8 35.4 29.4 
1989 ..... 8,138 583 1,385 £1,101 1,674 3,395 33.2 28.8 36.6 40.3 32.4 31.5 
1991 ..... 6,473 427 1,316 906 1,304 2,520 28.7 16.3 32.7 35.9 33.0 26.6 
Engineering 
466% 5,274 760 = 1,561 903 967 11,083 60.7 50.9 59.2 59.8 72.1 63.1 
er 5,290 662 1,309 1,028 1,062 # 1,229 58.2 59.6 60.7 54.8 59.6 57.0 
 éenes 5,343 557 994 1,012 1,330 } 1,450 61.6 62.7 62.1 62.5 58.5 63.3 
ne &6ee¢ 5,716 438 1,024 692 1,613 1,949 59.3 57.9 63.1 59.7 58.4 58.5 
1981 ..... 5,207 420 858 829 1,262 # 1,838 59.2 49.8 74.5 62.3 66.2 51.7 
nn '+se4s 6,473 373 881 573 1,876 2,770 66.3 51.3 70.0 73.9 65.3 67.0 
1985 ..... 4,834 368 487 656 1,139 2,184 44.9 40.1 32.4 71.6 55.9 40.4 
1987 ..... 9,236 632 1,251 779 §@64©1,489 #«5,085 65.5 58.2 71.1 69.3 69.6 63.7 
1989 ..... 9,794 748 #81,554 762 1,720 #£5,010 66.9 61.7 81.2 66.4 75.0 62.0 
ooo 10,469 1,396 1,859 938 1,526 4,750 66.2 63.1 72.3 69.7 67.3 64.0 


SOURCE: Science Resources Studies Division, National Science Foundation (NSF), Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC: 
NSF, forthcoming); and NSF, unpublished tabulations. 


See figure 5-12. 
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Appendix table 5-20. 

Federally supported academic doctorate-holders, by field of employment and number of funders: 1979-91 

Field 1979 1981 1983 1985 1987 1989 1991 

Total 

Total science & engineering.......... 53,270 54,514 64,231 54,534 81,856 88,371 86,429 
Physical sciences.................. 8,085 8,638 9,779 8,272 11,665 12,366 11,609 
ee 1,693 1,668 2,641 1,738 3,039 3,262 3,724 
Computer sciences................. 690 893 1,145 834 1,693 1,789 2,612 
Environmental sciences ............. 2,472 2,564 2,998 2,789 3,751 4,249 4,609 
ct even cen gehveceeaes 24,282 25,016 29,049 27,004 37,609 40,319 39,123 
eh k sch b5 00640000544. 4,338 4,209 3,902 3,591 5,457 6,131 5,068 
eee 5,324 5,607 6,768 4,485 8,597 9,424 8,123 
ER ee ae 6,386 5,919 7,949 5,821 10,045 10,831 11,561 

Supported by one federal agency 

Total science & engineering.......... 42,950 43,498 50,504 43,629 60,182 64,984 61,287 
Physical sciences.................. 6,313 6,407 7,415 6,262 8,103 8,462 7,856 
Pere 1,517 1,499 2,341 1,483 2,431 2,479 2,931 
Computer sciences................. 568 659 790 635 1,129 982 1,683 
Environmental sciences ............. 1,602 1,547 1,517 1,643 1,905 2,227 2,195 
er 20,235 20,909 23,503 22,402 28,830 31,240 29,812 
te Gh 666 066000400004 3,653 3,435 3,275 2,922 4,592 4,974 4,157 
CC Ee ee ee 4,711 4,631 5,952 3,972 6,790 7,674 5,968 
i cccekbheeasececnetes 4,351 4,411 5,711 4,310 6,402 6,946 6,685 


Total science & engineering.......... 9,830 10,478 13,229 10,239 21,236 23,234 24,564 
Physical sciences.................. 1,718 2,173 2,308 1,907 3,473 3,860 3,663 
Eee es cece eee tse eeesees 155 157 286 227 540 766 700 
Computer sciences................. 122 208 346 178 564 807 929 
Environmental sciences ............. 831 995 1,458 1,145 1,826 2,008 2,382 
CEE eee 3,837 3,852 5,234 4,318 8,597 9,013 9,129 
PAL GSS eeN 6000 bbe 00085 607 727 569 573 810 1,155 888 
Ce <s.iktsecebbanedbena 563 904 790 438 1,799 1,750 2,016 
eee 1,997 1,462 2,238 1,453 3,627 3,875 4,857 


NOTES: Data exclude university-administered federally funded research and development centers. Data are limited to respondents with doctorates in science and 
engineering (S&E) from a U.S. academic institution; data exclude non-S&E doctorate-hokders working in S&E and persons with S&E doctorates awarded by foreign 
institutions. For a fuller discussion, see chapter 5, “Changes in the Survey of Doctorate Recipients.” Details do not sum to totals because some academic doctorate- 
holders do not specify agencies providing support. 

SOURCE: Science Resources Studies Division, National Science Foundation, Survey of Doctorate Recipients, unpublished tabulations. 

See figure 5-13. Science & Engineering Indicators — 1993 


Appendix table 5-21. i) 

U.S. and world scientific and technical articles, by field: 1973-91 ® 

9) 

® 

; | ; Article publication year ir a ap a sie s 

] 

Field 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 <. 

Total number of articles g 

=. 

ve) 

ee 271,512 260,908 263,700 267,954 368,934 373,550 389,845 378,312 403,845 405,554 > 

Clinical medicine. .......... 76,209 73,485 77,597 78,827 116,371 119,325 125,532 124,975 130,106 130,107 2 

Biomedical research ........ 41,155 41,244 41,388 43,631 55,303 57,289 64,717 64,216 68,616 69,205 FS 

eas ke cae pie we 24,047 23,260 23,757 24,734 39,232 37,738 34,896 32,775 34,199 34,233 a 

Cheeks whe ee ec 45,004 42,502 40,734 43,273 54,432 54,186 55,268 53,236 56,126 56,731 Ml 

0 OF 35,864 35,104 36,057 36,700 45,561 46,902 54,044 53,377 61,449 60,758 2 

Earth and space sciences .... 11,977 11,356 11,531 11,596 16,991 16,508 17,834 18,285 18,714 19,509 - 
Engineering and technology... 28,617 25,664 25,063 22.182 30,710 32,073 28,004 24,344 25,442 27,618 
Mathematics.............. 8,639 8,293 7,573 7,011 10,334 9,478 9,551 7,105 9,193 7,393 

Number of U.S. articles 

CC ee 103,778 97,278 97,854 99,377 132,279 132,415 137,771 134,497 140,833 142,333 
Clinical medicine........... 32,638 31,334 33,516 33,975 48,072 48,055 50,595 49,904 50,510 50,142 
Biomedical research ........ 16,115 15,901 16,197 17,649 21,847 22,496 24,461 24,542 26,541 26,918 
a 11,150 10,400 9,904 10,553 14,740 14,216 13,083 12,231 12,726 12,862 
PG 5 hb 660640060005 10,474 9,222 8,852 9,182 10,880 11,010 11,585 11,827 12,405 13,086 
eee 11,721 11,363 10,995 10,995 13,053 13,021 15,903 16,078 17,649 18,077 
Earth and space sciences .... 5,591 4,975 5,197 5,167 7,257 6,862 7,663 7,797 7,770 8,138 
Engineering and technology... 11,955 *0,431 10,081 9,018 12,486 13,105 10,822 9,225 9,568 9,999 
rr 4,134 3,652 3,112 2,838 3,943 3,648 3,659 2,893 3,664 3,111 


U.S. articles as a percentage of all articles 


Alifields ................. 38.2 37.3 37.1 37.1 35.9 35.4 35.3 35.6 34.9 35.1 
Clinical medicine........... 42.8 42.6 43.2 43.1 41.3 40.3 40.3 39.9 38.8 38.5 
Biomedical research ........ 39.2 38.6 39.1 40.5 39.5 39.3 37.8 38.2 38.7 38.9 
ETT TT TTT Tee 46.4 44.7 41.7 42.7 37.6 37.6 37.5 37.3 37.2 37.6 
CP chketheeeseenss 23.3 21.7 21.7 21.2 20.0 20.3 21.0 22.2 22.1 23.1 
Te Teer 32.7 32.4 30.5 30.0 28.7 27.8 29.4 30.1 28.7 29.8 
Earth and space sciences .... 46.7 43.8 45.1 446 42.7 41.6 43.0 42.6 41.5 41.7 
Engineering and technology . . . 41.8 40.6 40.2 40.7 40.7 40.9 38.6 37.9 37.6 36.2 | 
is +. 5406454666. 47.9 44.0 41.1 40.5 38.2 38.5 38.3 40.7 39.9 42.1 


NOTES: Articles written by researchers from more than one country are prorated according to the number of author institutions in each country. For example, a paper authored by two U.S. and one French scientist would be 
counted as two-thirds of a U.S. article and one-third of a French article. Data for 1973-80 are based on more than 2,100 journals carried on the 1973 Science Citation Index Corporate Tapes of the Institute for Scientific 
information. Data for 1981-91 are based on more than 3,500 U.S. and foreign journals on the 1981 Science Citation Index Corporate Tapes. 


SOURCE: CHI Research, Inc., Science & Engineering Indicators Literature Database, special tabulations, 1993. 
See figures 5-14 and 5-17. Science & Engineering Indicators — 1993 | 
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Appendix table 5-22. , 
Scientific and technical fields in which the U.S. share of world publications changed by more than 5 


percentage points: 1981-91 


World publications U.S. publications U.S. share of 
published in published in world articles Net 
Field 1981 1986 1991 1981 1986 1991 1981 1986 1991 1981-91 
—_—__—_— Nunber —__ —______- ye ——__ —— — Percent ——__—_— 
Gains in U.S. share 

General engineering .......... 1,282 317 308 238 158 109 18.6 49.8 35.4 16.8 
NE 978 1,151 820 281 435 336 28.7 37.8 41.0 12.2 
General biology ............. 1,735 504 593 588 142 266 33.9 28.2 44.9 11.0 
Applied mathematics. ......... 2,010 1,551 1,577 704 679 725 35.0 43.8 46.0 10.9 
Aerospace technology. ........ 933 913 844 556 540 581 59.6 59.1 68.8 9.2 
Oceanography & limnology .... . 1,451 1,162 1,218 594 523 611 40.9 45.0 50.2 9.2 
General chemistry............ 15,772 15,472 14,570 2,135 3,075 3,196 13.5 19.9 21.9 8.4 
Nutrition & dietetics........... 1,943 1,507 1,484 880 797 781 45.3 52.9 52.6 7.3 
Applied chemistry............ 2,660 1,504 1,422 470 303 355 17.7 20.1 25.0 7.3 
Misc. clinical medicine. ........ 332 458 543 201 295 367 60.5 64.4 67.6 7.0 
ers 3,564 4,801 5,501 1,518 2,299 2,692 42.6 47.9 48.9 6.3 
ee 603 428 404 148 158 124 24.5 36.9 30.7 6.1 
General zoology............. 2,011 2,141 1,901 354 514 448 17.6 24.0 23.6 6.0 
Generali mathematics ......... 5,344 4,549 4,284 1,728 1,689 1,638 32.3 37.1 38.2 5.9 
Operations research & 

mgmt science ............. 759 348 367 309 169 169 40.7 48.6 46.0 5.3 
Applied physics ............. 10,104 12,573 16,035 2,887 4,077 5,393 28.6 32.4 33.6 5.1 

Losses in U.S. share 

DS 6 6 6404406046600 2,269 2,858 3,163 897 1,023 1,089 39.5 35.8 34.4 (5.1) 
DIAC h D666 bee 6000085 671 820 745 292 325 286 43.5 39.6 38.4 (5.1) 
Gnmecineiogy ............2.. 4,361 4,791 4,635 1,870 1,788 1,745 42.9 37.3 37.6 (5.2) 
SERS TT TTT TTT 1,765 1,636 1,815 842 801 770 47.7 49.0 42.4 (5.3) 
TTT SPT TT TTT TT eT 2,079 2,515 3,052 830 1,017 1,056 39.9 40.4 34.6 (5.3) 
jr keeee vaceseased 1,330 1,243 1,242 613 483 504 46.1 38.9 40.6 (5.5) 
Astronomy & astrophysics ...... 4,325 4,329 4,467 1,986 1,746 1,775 45.9 40.3 39.7 (6.2) 
Civil engineering............. 2,055 712 696 1,205 385 363 58.6 54.1 52.2 (6.5) 
ee eee 997 669 844 478 198 347 47.9 29.6 41.1 (6.8) 
Environmental science’........ NA 3,361 3,920 NA 1,594 1,588 NA 47.4 40.5 (6.9) 
Miscellaneous mathematics... . . 1,431 533 448 710 202 190 49.6 37.9 42.4 (7.2) 
TT TT TT Te Tee 2,225 2,613 2,727 1,106 1,154 1,153 49.7 44.2 42.3 (7.4) 
Nuclear & particle physics ...... 3,216 5,944 7,217 1,255 1,962 2,263 39.0 33.0 31.4 (7.7) 
Marine biology & hydrobiology . . . 3,350 3,780 4,099 1,215 1,160 1,161 36.3 30.7 28.3 (7.9) 
Miscellaneous biomedicine ..... 1,544 1,134 1,145 759 486 462 49.2 42.9 40.3 (8.8) 
Addictive diseases ........... 492 476 600 330 276 349 67.1 58.0 58.2 (8.9) 
Misc. engineering/technology 782 611 521 280 162 139 35.8 26.5 26.7 (9.1) 
Tropical medicine ............ 836 772 855 203 141 128 24.3 18.3 15.0 (9.3) 
PPT TT TTT 4,154 2,753 2,438 1,129 536 406 27.2 19.5 16.7 (10.5) 
Biomedical engineering........ 1,359 1,729 2,032 524 491 520 38.6 28.4 25.6 (13.0) 
Anatomy & morphology........ 778 823 750 311 253 202 40.0 30.7 26.9 (13.0) 
DP PGe BERG 606%6 4640800 5,374 6,691 7,302 2,785 2,916 2,785 51.8 43.6 38.1 (13.7) 
DN K60 seb bs0000000% 573 724 765 271 265 250 47.3 36.6 32.7 (14.6) 
Chemical engineering ......... 2,793 3,290 3,344 1,338 1,294 1,080 47.9 39.3 32.3 (15.6) 
Fluids & plasmas ............ 1,107 1,192 797 603 645 300 54.5 54.1 37.6 (16.8) 
Library & information science.... 223 31 26 128 20 10 57.4 64.5 38.5 (18.9) 
Nuclear technology........... 2,839 1,943 1,995 1,474 872 531 51.9 44.9 26.6 (25.3) 
NA = not available 


‘The net change for environmental science is from 1986 to 1991, as data for previous years are unavailable. 
SOURCE: CHI Research, Inc., Scienc.’ & Engineering Indicators Literature Database. special tabulations, 1993. 
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Appendix table 5-23. 


Country shares of world scientific and technical literature, by field: 1981-91 


(page 1 of 3) 
: . . _ Article Publication year Article publication year 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Percent Percent 
United States France 
Alifields ........... 35.9 359 354 354 353 356 356 35.1 349 348 35.1 Alifields ........... 50 49 48 48 47 49 48 49 49 48 48 
Clinical medicine ... . . 413 41.1 403 409 403 40.0 399 39.7 388 388 38.5 Clinical medicine ... . . 52 50 47 48 43 46 45 46 45 47 45 
Biomedical research 39.5 39.7 393 395 378 384 382 384 38.7 388 389 Biomedical research 52 50 49 50 50 50 50 50 50 49 5.1 
Dace ccnvecsne 376 384 376 372 375 38.1 37.3 37.0 37.2 37.0 376 + 609646 6s 25 33 34 33 33 31 32 34 34 353 33 
Chemistry .......... 20.0 212 203 206 21.0 222 222 222 221 220 23.1 Chemistry.......... 59 56 52 53 59 56 59 58 58 55 58 
LL a Ak a's 6 6 048 28.7 28.1 278 273 294 303 30.1 288 28.7 284 298 cs pike eee 59 59 63 65 60 65 60 59 58 56 53 
Earth and space Earth and space 
ss Pe 427 424 416 413 43.0 426 426 43.8 415 408 41.7 sciences ......... 46 45 45 43 38 43 48 46 45 49 45 
Engineering and Engineering and 
technology. ....... 40.7 406 409 395 386 37.3 379 373 376 379 362 technology........ 33 36 30 31 30 36 34 35 38 41 38 
Mathematics ........ 38.2 39.0 385 372 383 403 40.7 408 39.9 418 42.1 Mathematics ........ 56 59 62 67 69 47 50 66 75 48 46 
United Kingdom Italy 
Alifields ........... 83 83 84 82 83 82 80 77 76 76 75 Allfiedds ........... 21 22 24 24 24 23 24 26 27 27 28 
Clinical medicine .... . 98 96 99 98 105 104 100 99 100 100 99 Clinical medicine .. . . . 23 24 26 26 29 29 29 3.1 3.1 32 3.4 
Biomedical research 85 87 88 83 82 80 76 74 74 75 76 Biomedical research... 20 20 23 23 21 20 19 21 22 23 23 
ae 90 88 91 91 88 95 88 76 78 75 639 ee 12 14 #11 #12 10 10 12 12 12 14 1.4 
Chemistry .......... 66 67 63 61 59 57 60 62 56 58 58 Chemistry.......... 27 28 31 #33 27 27 27 #30 29 30 29 
ch bn 500050 64 61 61 58 56 56 56 53 50 49 50 ee 25 28 30 29 28 25 28 28 30 29 3.0 
Earth and space Earth and space 
A +450 046 6 85 87 87 87 83 79 73 73 76 74 72 sciences ......... 21 20 20 19 18 19 18 22 24 24 27 
Engineering and Engineering and 
technology........ 85 83 80 7.7 78 75 75 75 70 68 6.7 technology........ 14 15 1414 16 #17 #14 #15 #18 #21 20 2.1 
Mathematics ........ 6.1 65 67 64 69 75 86 58 57 56 63 Mathematics ........ > in? a? oo >) le ) le } ee) ee } ee) ee? ee Fe 
Germany’ Rest of Western Europe 
Alifields ........... 73 72 70 69 70 67 69 66 68 68 68 Alifields ........... 94 97 98 99 10.1 102 104 102 105 108 10.7 
Clinical medicine .... . 70 69 68 64 65 61 62 61 64 62 6.1 Clinical medicine .... . 126 13.0 13.2 13.0 13.1 13.1 13.1 129 13.1 13.5 13.3 
Biomedical research 70 73 72 68 61 61 64 62 63 63 63 Biomedical research 12.3 13.0 13.0 13.0 13.0 13.2 13.2 129 13.4 13.5 13.3 
Pies esedecece 61 58 52 56 54 53 55 53 53 53 54 Se 98 98 99 102 99 10.1 102 102 103 106 11.0 
Chemistry.......... 85 81 82 79 93 85 88 88 87 83 88 Chemistry.......... 7.1 71 76 73 80 84 84 89 94100 98 
TTT Te 76 80 81 83 80 78 81 7.7 79 81 82 ee 80 81 83 85 94 95 95 93 93 99 99 
Earth and space Earth and space 
sciences ......... 49 49 49 44 51 42 46 42 45 48 47 ir 83 84 86 88 83 82 89 81 83 86 89 
Engineering and Engineering and 
tectmology........ 76 75 68 75 77 79 76 70 70 7.1 7.4 technology........ 62 60 65 69 82 77 81 85 88 96 95 
Mathematics ........ 110 77 73 79 79 86 66 64 66 639 639 Mathematics ........ 65 62 65 66 62 63 69 69 71 75 78 
(continued) 
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Appendix table 5-23. 
Country shares of worid scientific and technical literature, by field: 1981-91 


(page 2 of 3) 
- ion your , 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Percent Percent 
Japan Other Eastern Central Europe 
Alfields ........... 68 70 7.1 73 76 77 76 82 81 83 85 Alifields ..._—_—. 30 26 28 28 27 25 24 23 24 22 21 
Clinical medicine ..... 51 53 56 59 63 64 67 68 73 73 79 Clinical medicine . 18 18 «158 ~ O18 13 «O13 ~«(6112 «0448 C1 108 68 
Biomedical research 62 64 66 67 67 71 71 74 75 78 79 Biomedical! research 31 26 26 25 27 26 26 23 23 22 20 
Ee 61 63 63 67 70 65 69 71 69 69 75 Biology . . . . 27 23 88 288 828 14 (2 WS WW Ww IW 
NL 66% 6% «0% 109 107 103 106 10.7 10.7 108 107 105 115 109 Se 60 53 61 60 58 55 53 49 54 46 48 
ee 82 83 80 81 88 86 85 106 100 102 100 | Eee 35 32 38 33 32 33 322 32 32 32 38 
Earth and space Earth and space 
Gplenees ......... 23 22 23 25 33 37 3658 34 39 38 37 sciences ......... m 26 8H we W WH 6 te Ww lUeelCUee 
Engineering and Engineering and 
technology........ 92 96 103 109 115 12.7 10.1 11.1 10.1 10.0 10.1 technology... ... .. 22 22 21 24 20 18 22 22 21 19 19 
Mathematics ........ 43 50 53 53 52 34 36 44 43 35 46 Mathematics ........ 31 33 33 38 46 36 33 41 40 33 32 
Canada Israel 
Alifields .......... 39 39 40 42 43 43 44 44 43 42 42 Alifields ... _._...... 10 «14 7 lOUelCUelC CS 10 #10 10 O39 
Clinical medicine ... . . 34 34 36 38 38 40 41 41 40 38 40 Clinical medicine . . se lUClUClU lO OlCUUelUCUOlUrelCU lhCUmLehCU 
Biomedical research 41 40 44 44 41 40 43 43 42 44 42 Biomedical research 10 1.1 #=11 #10 10 10 09 O09 O98 OS O8 
ee 63 68 70 74 83 84 86 90 82 82 80 Biology .. . 7 1.1 — = we a as > a. ie A 
Chemistry.......... 31 329 28 38 31 31 322 38 29 38 28 Chemistry . . 06 06 O06 O06 O7 O06 O06 OS O06 OS O5 
re 29 29 29 311 32 31 28 28 27 27 329 Physics... .. 11 #12 #14 #10 10 10 10 114 #10 10 O89 
Earth and space Earth and space 
ee 52 57 55 63 52 67 68 66 70 72 68 ST ks «640.0 08 O08 O08 O7 08 07 O09 OS O8 O7 O8 
Engineering and Engineering and 
technology........ 42 40 42 45 48 49 51 50 48 48 439 technology........ 10 10 O98 10 12 11 10 10 10 O09 O8 
Mathematics ........ 51 48 50 46 46 47 45 51 54 48 46 Mathematics ........ 15 18 20 14 16 19 18 1417 15 20 14 
Former Soviet Union Near East and Africa 
Alifields ........... 80 82 83 79 78 76 73 76 74 71 67 Alifields ....-_...... 16 14 14 #14 15 16 16 #16 16 «16 «16 
Clinical medicine ..... 33 33 33 31 29 29 28 31 28 26 28 Clinical medicine .._.. — wwwyiiwtea we we wae wa we 
Biomedical research... 57 63 60 60 87 83 80 83 75 72 69 5 omedicai research 09 09 O09 O09 10 10 12 114 11 09 O89 
hs cabbeeeees 28 28 28 29 27 24 23 26 23 23 22 0 29 26 28 27 29 31 32 32 32 31 31 
Chemistry.......... 16.7 16.7 186 173 153 15.1 139 15.0 145 14.1 124 Chemistry.......... 16 6 13 15 16 19 19 19 21 20 22 
0 ee 168 168 163 165 156 147 143 144 152 146 13.0 Ph +65 6 ees 07 O07 O7 O7 O7 08 OF O6 O06 07 O8 
Earth and space Earth and space 
Fe 10.0 106 106 95 71 70 71 64 69 64 55 Ge 14 #11 #139 #13 #18 #18«19 «21 20 18 20 
Engineering and Engineering and 
technology........ 76 73 72 70 59 56 56 51 49 46 56 technology...... 15 14 15 14 18 17 20 20 21 18 16 
Mathematics ........ 76 67 63 59 29 46 48 36 32 50 44 Mathematics ........ 13 #15 #11 #14 16 13 14 16 #14 «12 «O08 
(continued) 
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Appendix table 5-23. 


shares of worid scientific and technical literature, by field: 1981-91 


(page 3 of 3) 
Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Percent Percent 
Australia and New Zealand China 
Alifields ...—-_—-.—s.—s.... 27 26 26 26 25 25 25 26 25 25 25 Alifields ... _—-_—s-—s:idz.. 03 04 05 O04 O58 O06 O07 OS O9 11 11 
Clinical medicine .. _ . . 26 26 27 26 27 27 27 27 28 26 27 Clinical medicine .__ __ . 01 03 O02 O02 02 03 03 03 O03 O05 04 
Biomedical research 22 22 21 22 22 22 21 22 22 21 22 Biomedical research 01 02 02 01 O03 O04 04 O04 O4 O05 O5 
i ccreeeses os 60 54 58 56 61 62 60 63 63 65 61 Biology... . 05 07 O7 O06 O4 O3 04 O3 O04 O05 O5 
NG és ake es-«< 20 19 17 19 16 16 17 16 16 16 15 Chemistry . . 02 03 03 O02 O03 O05 08 O09 10 14 15 
3 $6 168 6014 O13 C—CU«dSDTliCS SDS CO COCO Fa 05 08 O7 O8 1.1 13 17 24 24 27 25 
Earth and space Earth and space 
rr 40 39 39 43 38 41 37 35 40 38 36 ss Fee 14 15 13 17 15 +10 O09 1141 O8 O7 13 
Engineering and Engineering and 
technology........ 18 19 20 20 19 19 19 18 17 17 16 technology........ 04 04 07 O68 O8 11 14 16 22 22 22 
Mathematics ....... 22 24 20 20 23 22 22 21 22 19 18 Mathematics ........ 03 10 12 12 O7 O7 10 12 13 20 21 
India East Asian Newly industrialized Countries 
Alifields ....___.. 32 30 29 28 25 23 22 21 21 20 20 Allfields ..._—_—s.. 02 02 02 03 O04 04 06 O7 O8 10 11 
Clinical medicine... . . 13 12 12 11 09 08 OS O09 O08 OS OS Clinical medicine .. _.. 01 01 OF O2 O2 O02 OS O06 O7 O07 07 
Biomedical research 29 22 23 23 25 25 21 17 198 14 14 Biomedical resea:ch 01 Of OF OF O2 O2 04 O04 OF OS O06 
0 ee 49 47 43 41 25 23 25 25 23 20 21 EY 02 02 03 02 03 03 05 O6 O7 06 07 
Chemisty .......... 59 57 53 56 48 48 41 40 45 41 41 Chemistry.......... 02 03 04 04 O85 O7 09 O9 12 14 17 
0 er 38 37 38 36 29 28 26 25 24 24 25 Di scbus 02 03 93 03 O4 O5 O06 O7 O09 10 12 
Earth and space Earth and space 
hs ob a & 6 6-4 28 29 30 32 28 30 23 25 21 22 24 Fe 01 01 OF OF Ot O2 04 O2 O03 04 O04 
Engineering and Engineering and 
technology........ 31 33 30 28 31 31 393 32 29 26 3.0 technology........ 04 04 06 O07 10 13 18 22 26 3.1 34 
Mathematics ........ 33 36 34 33 31 16 12 15 14 13 12 Mathematics....._.. 04 06 04 04 O7 O5 O07 10 12 10 11 
Central and South America Other Asian/Pacific 
Alifields .......... 12 13 13 #12 #12 12 13 «12 «12 «15 «14 Alifields ....-_—-_..... 02 02 02 02 O02 O02 03 03 O03 03 O03 
Clinical medicine... _ . 12 12 12 10 10 11 10 O09 12 13 1:11 Clinical medicine ..... 02 02 02 02 O02 02 02 O03 O02 03 03 
Biomedical research 14 #13 #14 14 «14 «13 «14 «14 «14 «14 «215 Biomedical research 02 02 02 02 G02 O02 G2 O2 O2 02 02 
Se 26 17 18 18 18 17 O18 1B U8 Bt BS ES 6 606600660 07 O07 O7F7 O7 O7 O8 O08 O08 O8 O08 O08 
Chemisty .......... 09 11 #10 O89 11 12 12 141141 #12 11 «#12 Chemistry.......... 02 01 02 02 O02 O02 02 O02 O2 02 02 
ih hbase eee ce 12 14 13 16 14 14 15 14 15 16 1.7 ee 02 01 02 02 O02 O02 02 O01 O2 02 02 
Earth and space Earth and space 
ee 13 #12 #13 #13 «211 «14«16 #14 «185 « «16 «12.7 sciences ......... 02 02 02 02 O02 03 03 03 03 03 02 
Engineering and Engineering and 
technology........ 05 05 O08 O07 O07 06 O07 OS O08 08 O07 technology........ 02 01 O02 O02 O02 O02 02 O02 O2 O02 O02 
Mathematics ........ 08 10 09 13 12 15 16 13 14 16 16 Mathematics ........ 02 01 O02 O02 O03 O2 01 O04 O3 04 O03 


NOTE German data are for East and West Germany combined. 


SOURCE CHI Research. inc . Scrence & Engineering indicators Literature Database. special tabulations. 1993 
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Appendix table 5-24. 
internationally coauthored scientific and technical articles, by field: 1976-91 


Freid 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Total number of articies 
Allifields....___.. 266.453 262.993 270.124 268.007 269.569 368.956 371.767 373548 369930 390.069 387.190 378316 393.025 403.847 405614 405.554 
Clirucal medicine... 75.929 77487 81.211 78828 80546 116385 118.188 119326 119.095 125.718 126586 124977 125.787 130.106 129843 130.107 
Biomedical 
research... _.. 41832 41314 42903 43.591 44272 55.306 57206 57285 56219 64717 64552 64217 65257 68516 68769 69.205 
Biology.......... 23.907 23.761 23266 24830 22836 39235 39024 37786 33092 4932 4164 32775 334206 38419 3626 34233 
Chemistry......_. 43.400 40905 43813 43.249 444446 534433 55382 34188 S119 55268 55.558 53.236 55679 56.126 57.723 56731 
Poyeles ......... 36.818 35897 35802 36688 37943 45563 4723) 46905 46452 54044 54056 53.377 60.757 61450 60.799 60.758 
Earth and space 
sciences....... 11.326 11053 11.218 11586 11394 16.991 16.661 16508 16335 17.834 #£«®18.35!1 18.285 17490 18714 18902 19.509 
Engineering and 
technology ..... 25.114 25007 24587 22181 21459 30.709 28601 32072 3309 28005 26.201 24344 25461 25442 26670 27.618 
Mathematics... __ . 8.127 7.569 7.325 7.053 6673 10.334 9.473 9.478 9.309 9.551 7.722 7.105 9.168 9.194 7.282 7.3393 
Number of internationally coauthored articles 
Alltields .._—_—.se. . 10.561 11.338 12317 13.227 14057 20414 £21745 =j$.23.275 24799 27522 28936 W866 33635 3648 39783 44680 
Climcail medicine. 2.314 2.440 2.709 2.837 3.032 4.725 5.084 5.554 5.751 6.735 7.179 7.826 8.450 9.216 93939 10.699 
Biomedical 
research. ......__ 1.862 2.032 2.147 2.393 2.533 3.415 3.765 3.965 4.181 4836 5.356 5.767 6.126 6.756 7542 8.223 
i cbhs see oe 853 915 1,011 1.121 1.051 1.898 1.804 2.034 2.308 2.211 2.233 2.380 2673 2.910 3.263 3.423 
Chemistry........ 1.384 1.546 1.598 1.761 1.932 2.565 2.802 2.857 3.073 3.217 3.402 3.523 3.792 4154 4473 5.181 
Physics ..... <.- 2 2.321 2.548 2.757 2.960 3.881 4217 4334 4 646 5 522 5.683 6.123 6 848 7417 7.969 9.758 
Earth and space 
sciences....... 830 849 963 1.021 1.108 1.586 1,709 1.827 2.065 2.154 2.278 2 468 2.445 2.805 3.176 3.536 
Engineering and 
technology - 627 721 806 803 842 1.428 1.416 1 686 1.680 1.653 1.770 1.725 1.913 2.016 2.204 2.595 
Mathematics... _. 549 515 536 534 600 914 948 1.019 1.096 1.194 1.035 1.054 1.388 1.374 1.217 1.265 
internationally coauthored articies as a percentage of all articles 
Ailfields...__. 40 43 46 49 52 55 58 62 67 7.1 75 82 86 91 98 110 
Climcal medicine 30 3.1 33 36 38 41 43 47 48 54 5.7 63 67 71 77 82 
Biomedical 
research....... 45 49 5.0 55 57 62 66 69 74 75 83 9.0 94 98 11.0 19 
nd. é6essee 36 39 43 45 46 48 46 54 6.1 63 65 73 80 85 92 10.0 
Chemistry......_.. 32 38 36 41 43 47 5.1 53 57 58 6.1 66 68 74 77 91 
ae 58 65 7.1 75 78 85 89 92 100 10.2 105 15 1.3 12.1 13.1 16.1 
Earth and space 
sciences....... 73 7.7 86 88 97 93 103 11 126 12.1 124 135 140 15.0 168 18.1 
Engineenng and 
technology ..... 25 29 33 36 39 47 5.0 53 55 59 68 71 75 79 8&3 94 
Mathematics...... 68 68 73 76 90 88 10.0 108 118 125 134 148 15.1 149 16.7 17.1 


SOURCE CHI Research inc Soence & Engineenng indicators Literature Database special tabulahons 1993 


See figure 5-15 
Vil 


80GB xipueddy y xipueddy 


Appendix table 5—25. 2 
U.S. scientific and technical articles, by field and sector: 1981-91 o 
(page 1 of 2) 8 
® 
/m 
Sector tas VE laen a 3 
Field All Academic industry Federal Nonprofit FFRDC Other All Academic Industry Federal Nonprofit FFRDC Other | > 
=. 
———— — Number-—— -—- _--- — — — ———— Percent. ] 
2a 
1981 Ss 
98 uy 
$s 
Total, alifields ........... 132,280 90,411 11,140 13,098 9,959 4,791 2,882 100.0 68.3 8.4 99 75 3.6 2.2 | a 
Clinical medicine.......... 48,073 32,841 1,563 4,995 6,746 256 1,673 100.0 68.3 3.3 10.4 14.0 0.5 3.5 4 
Biomedical research ....... 21,847 16,904 563 2,100 1,578 377 3226 100.0 77.4 2.6 9.6 7.2 1.7 1.5 g 
ee 14,740 11,053 331 2,221 553 130 451 100.0 75.0 2.2 15.1 3.8 0.9 3.1 tows 
ee 10,880 7,647 1,798 687 243 437 68 100.0 70.3 16.5 6.3 2.2 4.0 0.6 
ee 13,053 8,123 2,135 835 180 1,753 27 100.0 62.2 16.4 6.4 1.4 13.4 0.2 
Earth and space sciences ... 7,257 4,710 408 1,164 315 5f2 98 100.0 64.9 5.6 16.0 43 7.7 1.3 
Engineering & technology .. . 12,486 5,555 4,191 1,009 283 1,220 229 100.0 44.5 33.6 8.1 2.3 9.8 1.8 
Mathematics............. 3,943 3,579 151 87 61 56 11 100.0 90.8 3.8 2.2 1.5 1.4 0.3 
1983 
Total, al’ fieids............ 132,416 90,555 11,759 12,879 9,932 4,627 2,663 100.0 68.4 8.9 9.7 75 3.5 2.0 
Clinical medicine.......... 48,056 32,872 1,732 4,916 6,746 207 1,583 100.0 68.4 3.6 10.2 14.0 0.4 3.3 
Biomedical research....... 22,496 17,359 687 2,128 1,638 342 343 100.0 77.2 3.1 9.5 7.3 1.5 1.5 
err 14,216 10,804 341 2,136 471 113 350 100.0 76.0 2.4 15.0 3.3 0.8 2.5 
DT these > beeeeeee 11,010 7.710 1,880 716 214 420 71 100.0 70.0 17.1 6.5 1.9 3.8 0.6 
ee eee 13,021 8,197 2,086 760 200 1,727 51 100.0 63.0 16.0 5.8 Ay 13.3 0.4 
Earth and space sciences ... 6,862 4,371 448 1,091 330 518 104 100.0 63.7 6.5 15.9 4.4 75 1.5 
Engineering & technology .. . 13,105 5,936 4,419 1,070 270 1,252 157 100.0 45.3 33.7 8.2 2.1 9.6 1.2 | 
Mathematics............. 3,649 3,307 165 62 62 47 5 100.0 90.6 45 1.7 1.7 1.3 0.1 | 
1985 
Total, alifields............ 137,771 95,340 11,766 12,899 10,189 4,917 2,660 100.0 69.2 8.5 94 7.4 3.6 1.9 | 
Clinical medicine.......... 50,596 35,008 1,834 4,971 6,943 288 1,551 100.0 69.2 3.6 9.8 13.7 0.6 3.1 | 
Biomedical research ....... 24,460 18,825 921 2,253 1,771 332 358 1000 77.0 3.8 9.2 7.2 1.4 1.5 
PTT TTT TTT 13,083 10,077 383 1,792 398 96 337 100.0 77.0 2.8 13.7 3.0 0.7 2.6 
ee eee 11,585 8,137 1,950 794 217 418 69 100.0 70.2 16.8 6.9 1.9 3.6 0.6 
er 15,903 9,802 2,823 933 234 2,054 57 100.0 61.6 17.7 5.9 1.5 12.9 0.4 
Earth and space sciences ... 7,663 4,795 598 1,197 364 533 177 100.0 62.6 7.8 15.6 4.7 7.0 2.3 | 
Engineering & technology .. . 10,822 5,442 3,081 846 198 1,152 102 100.0 50.3 28.5 78 1.8 10.6 0.9 
Mathematics............. 3,659 3,254 176 111 63 44 11 100.0 88.9 48 3.0 1.7 1.2 0.3 


(continued) 
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Appendix table 5—25. 
U.S. scientific and technical articles, by field and sector: 1981-91 
(page 2 of 2) 
Sector ant a rae : 
Field All Academic industry Federal Nonprofit FFRDC Other All Academic Industry Federal Nonprofit FFRDC Other 
Number —_—— —__—_—_—_—_———_*easu—__—_—_—_—______—_——_- 
1987 
Total, alifields............ 134,498 94424 #11,273 12,255 9,546 4,619 2,383 100.0 70.2 8.4 9.1 7.1 3.4 1.8 
Clinical medicine.......... 49.905 34,787 2,075 4,867 6,498 203 1,475 100.0 69.7 4.2 9.8 13.0 0.4 3.0 
Biomedical research ....... 24,542 18,571 1,208 2,303 1,778 356 325 100.0 75.7 4.9 9.4 7.2 1.5 1.3 
CT 0640 h 04k eenes 12,231 9,547 359 1,670 328 72 255 100.0 78.1 2.9 13.7 2.7 0.6 2.1 
ee 11,827 8,455 2,010 694 182 439 48 100.0 71.5 17.0 5.9 1.5 3.7 0.4 
ee 16.078 10,209 2,739 853 229 2,006 41 100.0 63.5 17.0 5.3 1.4 12.5 0.3 
Earth and space sciences ... 7,797 4,984 587 1,169 323 568 166 100.0 63.9 7.5 15.0 4.1 7.3 2.1 
Engineering & technology .. . 9,225 5,291 2,165 630 151 921 67 100.0 57.4 23.5 6.8 1.6 10.0 0.7 
Mathematics............. 2,893 2,580 130 68 57 53 5 100.0 89.2 45 2.4 2.0 1.8 0.2 
1989 
Total, alifields............ 140,832 99.215 11,963 12,372 10,360 4,532 2,390 100.0 70.4 8.5 8.8 7.4 3.2 1.7 
Clinical medicine.......... 50,510 34,938 2,380 4,685 6,841 193 1,472 100.0 69.2 4.7 9.3 13.5 0.4 2.9 
Biomedical research ....... 26,541 20,157 1,367 2,385 2,015 357 261 100.0 75.9 5.1 9.0 7.6 1.3 1.0 
eee 12,726 9,705 385 1,812 431 85 308 100.0 76.3 3.0 14.2 3.4 0.7 2.4 
ee 12,405 9,025 1,960 685 190 489 55 100.0 72.8 15.8 5.5 1.5 3.9 0.4 
ee eee 17,649 11,392 2,915 949 245 2,107 41 100.0 64.5 16.5 5.4 1.4 11.9 0.2 
Earth and space sciences ... 7,770 4,954 565 1,112 429 534 176 100.0 63.8 7.3 14.3 5.5 6.9 2.3 
Engineering & technology .. . 9,568 5,676 2,266 678 169 715 65 100.0 59.3 23.7 7.1 1.8 7.5 0.7 
Mathematics............. 3,664 3,367 126 66 40 52 12 100.0 91.9 3.4 1.8 1.1 1.4 0.3 
1991 
Total, alifields............ 142,333 100.275 12,660 12,265 10,242 4,392 2,499 100.0 70.5 8.9 8.6 7.2 3.1 1.8 
Clinical medicine.......... 50,142 34,794 2,545 4,510 6,678 195 1,419 100.0 69.4 5.1 9.0 13.3 0.4 2.8 
Biomedical research ....... 26,918 20,444 1,524 2,258 1,982 413 298 100.0 75.9 5.7 8.4 7.4 1.5 1.1 
PTT CCT TEES 12,862 9,742 439 1,875 422 59 325 100.0 75.7 3.4 14.6 3.3 0.5 2.5 
ee 13,086 9,446 2,122 699 239 485 95 100.0 72.2 16.2 5.3 1.8 3.7 0.7 
ee 18,078 11,866 2,889 1,000 249 2,017 57 100.0 65.6 16.0 5.5 1.4 11.2 0.3 
Earth and space sciences .. . 8,138 5,155 605 1,149 471 569 189 100.0 63.3 7.4 14.1 5.8 7.0 2.3 
Engineering & technology .. . 9,999 5,978 2,441 715 153 608 103 100.0 59.8 24.4 7.1 1.5 6.1 1.0 
Mathematics............. 3,111 2,849 95 60 50 46 12 100.0 91.6 3.0 1.9 1.6 1.5 0.4 


FFRDC = federally funded research and development center 


SOURCE: CHI Research, Inc.. Science & Engineering Indicators Literature Database, special tabulations. 
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Appendix table 5-26. 
U.S. academic-industry coauthored scientific and technical articles as a proportion of all industry 
articles, by field: 1981-91 


Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
i x 
All fields..... ie hk 22 24 23 25 27 28 30 31 32 33 35 
Clinical medicine ......... 30 34 33 35 40 37 42 41 42 44 45 
Biomedical research....... 35 37 35 35 39 38 40 41 39 39 40 
Sree ee 39 46 42 37 44 44 41 47 48 43 45 
Sebi sh cb600bhe 13 17 15 16 16 18 20 20 22 22 24 
eee 20 21 23 25 23 23 25 26 28 29 31 
Earth and space sciences... 34 35 33 36 33 3€ 34 41 38 40 37 
Engineering and technology . 16 17 16 17 18 20 23 24 23 26 26 
Mathematics ............ 43 35 42 42 43 40 42 41 51 52 49 


SOURCE: CHI Research, Inc., Science & Engineering Indicators Literature Database, special tabulations, 1993. 
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Appendix table 5-27. S 
U.S. patents awarded to the 100 academic institutions with the greatest R&D volume: 1969-91 
(page 1 of 3) 7 
Total 
Institution 1969-91 1969-71 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
All academic patents... 11,926 636 238 259 250 321 358 363 369 264 390 437 459 434 551 587 670 818 806 1,218 1,174 1,324 
Patents to top 100 R&D 
performers.......... 8,399 476 181 189 180 242 281 285 289 199 290 335 360 343 416 453 521 682 671 1,022 992 1,112 
MA Inst. of Technology .. 1,210 94 28 40 37 0644 59 39 53 43 44 66 51 47 47 35 as 63 63 101 110 101 
University of California. . . 838 59 16 25 22 #17 22 = 25 23 1 2 38 42 48 46 42 54 67 60 81 64 84 
CA Inst. of Technology. . . 464 29 17 14 15 27 18 16 18 12 26 16 19 16 15 16 23 27 18 56 30 36 
Stanford University ... . . 472 3 3 6 7 16 19 18 10 4 11 10 4 16 36 38 33 48 54 438 3% 57 
University of Wisconsin .. 383 15 12 8613 8 17 20 2 13 7 2 48626 =~=«(17 13-16 17 17 11 20 27 16 45 
lowa State University.... 371 42 114 14 «©2006 615014118 12 68 12 12 15 10 14 21 9 15 15 28 30 39 
University of Minnesota . . 290 5 9 6 4 5 3 5 6 7 6 12 10 5 6 11 16 28 26 400 3 32 
Cornell University .... .. 283 11 1 2 3 5 10 10 10 7 11 8 6 10 14 20 13 30 16 22 34 40 
University of Texas ..... 306 0 0 0 0 0 1 2 0 1 6 7 5 8 20 25 21 21 51 54 84 
Johns Hopkins Univ.'. . . . 239 9 7 5 4 10 3 9 10 4 6 9 8 6 10 15 18 18 21 27 15 2 
Purdue University .... . . 215 16 10 4 1 #13 #15 12 6 4 13 15 11 11 14 18 g 4 2 17615 ~=«11 
University of Utah ...... 203 15 8 3 2 5 7 6 12 17 12 7 14 15 9 11 7 12 9 13 «14 5 
University of Illinois ... . . 198 17 7 8 9 9 14~=« 1 11 6 10 8 7 8 8 10 12 4 9 15 7 8 
Ohio State University . . 191 38 12 8 3 4 7 9 8 0 3 4 5 8 3 10 5 12 14 13 10 £15 
University of Florida... . . 192 0 1 1 2 2 0 1 8 7 4 0 6 10 7 10 13 21 33 3338 
State Univ. of NY... .... 140 0 0 0 0 0 0 0 0 0 1 2 8 2 11 5 11 18 10 25 20 27 
GA inst. of Technology . . 125 6 0 3 5 1 1 2 2 5 3 7 8 3 6 11 9 9 7 a —_— a 
University of Michigan... 130 0 0 0 4 0 2 8 2 4 4 1 2 2 1 1 10 6 14 23 25st 
Harvard University... . . . 113 0 0 0 > & 0 1 2 0 4 3 (11 10 7 1 2 9 17 15 23 8 
University of Rochester 112 0 0 0 0 0 4 2 4 0 6 7 8 9 6 2 8 9 11 11 13— («12 
Univ. of Southern CA. . 103 0 0 2 3 4 5 6 15 6 7 2 5 1 7 5 5 4 7 8 6 5 
Northwestern University 96 12 0 2 1 0 0 2 7 5 7 1 7 3 2 2 8 10 10 lan 5 
University of Kentucky . 93 8 2 3 6 0 0 1 3 2 5 4 6 6 7 5 7 4 7 6 4 7 
University of lowa ...... 84 2 0 0 0 0 3 3 2 5 4 4 5 3 4 1 8 8 6 8 12 6 
University of Virginia . 89 0 0 1 3$.6Ct«S 3 7 8 6 1 3 8 4 2 1 4 3 4 8 12 11 
University of Pittsburgh 91 0 0 0 0 0 0 0 0 2 § 3 2 5 8 3 8 10 6 17—s1 16 
Indiana University .... . . 75 24 5 2 0 1 4 4 , © 1 0 3 2 4 0 3 1 6 1 3 
Columbia University. . . . . 80 0 0 0 0 0 0 0 0 0 4) 0 0 2 3 4 7 6 15 19 16 8 
University of Missouri. 79 0 0 0 2 3 5 0 6 4 1 2 9 5 4 0 3 8 9 5 6 7 
University of PA ....... 89 4 1 2 . - 2 5 5 3 1 1 1 2 4 5 1 2 1 9 19 18 S 
> 
(continued) : 
Fx) : 
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1988 1989 1990 1991 
11 


1987 


1981 1982 1983 1984 1985 1986 


1969-91 


1978 1979 1980 


1975 1976 1977 


1974 


1972 1973 


17 


11 
10 
14 


Total 
1969-91 1969-71 


NOTES: Ranking of academuc institubons 1s based on thew 1988 R&D expenditures. not all 100 institutons are listed here because some could not be located in the Technology Assessment and Forecast Program database 


‘includes the Applied Physics Laboratory 


U.S. patents awarded to the 100 academic institutions with the greatest R&D volume 
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Appendix table 5-27. 
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SOURCE: Technology Assessment and Forecast Program. U.S. Patent and Trademark Office. US Unrversities 1969-1991 (Washington. DC: Oct. 1992) 


See figure 5-18 
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Appendix table 5—28. 
U.S. patents awarded to U.S. academic institutions by technology class, ordered by volume of 1989-91 patenting activity: 1969-91 
(page 1 of 4) 


Cum. Number of patents awarded 
percent 

Technology class 1989-91 1969-72 1973-74 1975-76 1977-78 1979-80 1981-82 1983-84 1985-86 1987-88 1989-90 1991 
514 Drug, bio-affecting and body treating compositions. .... . 9.9 21 14 32 47 52 70 105 119 178 232 136 
435 Chemistry: Molecular biology and microbiology ........ 19.0 22 24 29 33 36 74 79 104 175 221 116 
424 Drug, bio-affecting and body treating compositions...... 25.1 27 12 25 33 23 50 67 47 88 139 89 
ia ce se ali die ko ae yang OE Re AN eae 4 29.4 26 20 33 26 30 36 45 73 77 109 52 
RE Ce ee eee 32.5 19 13 21 27 12 17 20 19 38 70 44 
324 Electricity, measuring andtesting.................. 35.1 20 8 5 8 § 15 16 21 48 67 30 
530 Chemistry, lignins or reaction products thereof......... 37.4 4 4 3 7 5 24 36 33 45 58 26 
364 Electrical computers and data processing systems...... 39.6 7 4 6 8 4 7 12 14 26 61 22 
359 Optics, systems (inc. communication) and elements... . . 41.6 14 12 15 10 10 15 7 24 24 44 31 
ee NG a an ong 9:4 Big nh beeen Aa Sly OO 43.6 45 14 19 27 23 21 27 42 31 55 20 
372 Coherent light generators..................... 45.5 8 5 10 6 1 7 11 22 20 43 24 
204 Chemistry, electrical and wave energy ap dp sat ahd de levee. ie 47.3 20 13 14 14 12 24 28 16 30 42 25 
357 Active solid state devices, e.g., transistors............ 48.9 2 4 7 4 10 6 8 15 13 38 23 
536 Part of the class 532-570 series—organic compounds.... 50.5 9 4 14 8 7 17 10 15 24 34 27 
356 Optics, measuring andtesting..................... 52.1 13 5 6 5 14 9 13 19 37 39 19 
MR ee ee 53.7 5 2 2 3 6 7 4 12 16 37 21 
210 Liquid purification or separation ....... ........... 55.2 13 11 11 16 8 11 12 19 21 31 25 
505 Superconductor technology-apparatus, material, process. 56.4 0 0 0 0 0 0 0 0 0 25 22 
A OE ee oe re ee eee ee 57.6 3 2 2 2 9 12 16 20 38 29 16 
156 Adhesive bonding & misc. chemical manufacture....... 58.9 5 0 1 2 3 2 14 8 14 29 16 
437 Semiconductor device manufacturing process......... 60.0 3 1 1 4 10 9 9 14 18 27 16 
395 Information processing system organization........... 61.2 12 3 2 3 6 4 4 5 7 32 11 
264 Plastic & nonmet. article shaping or treating: processes .. 62.2 5 2 5 6 9 6 6 8 10 20 18 
436 Chemistry-analytical and immunological testing........ 63.2 8 5 21 22 21 19 33 25 30 27 11 
426 Food or edible material: processes, comp. & products ... 64.2 12 12 13 14 12 14 15 15 8 22 16 
428 Stock material or miscellaneous articles ............. 65.2 6 6 3 7 6 13 15 12 15 24 12 
 — FO RPT TCT ETE CTL ERE EREEE TCR TET TS 66.2 8 4 3 2 5 5 12 14 23 22 14 
BR EE eee eee ee ee 67.1 21 5 15 21 5 15 6 7 5 24 11 
422 Process disinfecting, deodorizing, preserving.......... 68.0 6 2 2 6 5 3 9 7 11 22 12 
623  Prothesis (i.e., artificial body members), parts oraids.... 68.9 14 6 3 4 8 8 2 25 23 19 15 

525 _ Part of the class 520 series—synthetic resins or 
TI TCT CY. TEL Te ee Tee eee eee 69.8 2 2 3 9 9 10 8 15 9 21 12 
378 X-ray or gamma ray systems or devices ............. 70.6 7 8 10 14 3 9 4 7 11 20 9 

528 Part of the class 520 series—synthetic resins or 
ee ea een ee 71.4 13 0 14 6 2 1 3 3 9 21 8 
358 Pictorial communication; television ................. 72.2 7 5 5 6 5 1 5 9 18 18 11 

(continued) 
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Appendix table 5-28. 3 
U.S. patents awarded to U.S. academic institutions by technology class, ordered by volume of 1989-91 patenting activity: 1969-91 \> 
(page 2 of 4) ° 
Cum. Number of patents awarded 
percent ponen hae 
Technology class 1989-91 1969-72 1973-74 1975-76 1977-78 1979-80 1981-82 1983-84 1985-86 1987-88 1989-90 1991 
Re 73.0 1 0 1 1 7 0 9 14 22 22 7 
549 Part of the class 532-570 series—organic compounds . 73.7 1 3 10 11 11 19 14 13 11 20 9 
S01 Compositions + covramic ................--5--5-- 74.5 0 0 2 1 2 3 1 3 4 17 10 
546 Part of the class 532-570 series—organic compounds.... 75.2 4 5 12 11 5 4 2 5 7 20 6 
540 Part of the class 532-570 series—-organic compounds.... 75.9 3 2 6 3 7 7 3 6 12 19 7 
548 Part of the class 532-570 series—organic compounds.... 76.5 1 2 6 6 3 6 2 5 6 15 8 
544 Part of the class 532-570 series—organic compounds . . 77.1 0 2 5 0 2 8 1 4 2 14 9 
1 Classification undetermined ...................... 77.7 3 1 2 0 0 2 0 0 0 10 13 
556 Part of the class 532-570 series—organic compounds.... 78.3 6 3 1 4 3 4 5 9 12 9 14 
STE eee 78.9 6 3 6 5 4 6 8 14 10 8 14 
-— EE 79.4 2 2 2 1 5 3 2 8 5 16 3 
502 Catalyst, solid sorbent, or support therefore........... 79.9 1 0 3 2 4 7 1 & 9 8 9 
ll: eek eed ania de teens beaks 648s 80.3 3 1 3 5 2 4 3 4 6 7 9 
209 Classifying, separating and assorting solids........... 80.8 9 7 3 5 5 4 6 4 8 9 7 
RR ES eee ee ee 81.2 3 3 4 4 3 2 11 2 8 11 4 
365 Static information storage and retrieval .............. 81.6 19 3 3 4 2 4 2 7 5 12 3 
Fe eee 82.0 3 2 1 2 3 1 4 6 6 9 6 
—— BR ee ee ee ee ee ee ee 82.3 1 1 0 1 2 1 3 2 3 8 5 
310 Electrical generator or motor structure............... 82.7 14 12 7 2 1 3 3 7 6 9 4 
— BE ETT TCT TT TEP E TEC PeCrT Tee 83.0 0 1 0 1 0 3 1 1 6 9 4 
381 Electrical audio signal processing and systems ........ 83.4 6 0 3 4 0 3 4 7 8 9 4 | 
— PRT TT TTT Tee TT TT TELE TT OTeEeT ee 83.7 1 4 1 3 1 6 4 3 2 9 3 
429 Chemistry, 2lectrical current producing apparatus....... 84.0 4 0 3 4 6 6 8 9 7 9 3 
Re |. KPT TeTECUCUTTTETCTeCTrTre 84.3 9 2 2 6 2 6 4 6 9 8 4 
558 Part of the class 532-570 serres—organic compounds.... 84.7 4 1 3 3 0 2 4 2 5 7 5 | 
526 Part of the class 520 series—synthetic resins or 
6 62 6:6 64 AN6ONO984-0460000 00080004 85.0 0 1 5 2 1 2 0 8 6 6 6 
351 Optics, eye examining, vision testing and correcting... . . 85.3 1 2 1 1 1 2 0 2 7 8 4 
148 Metal treatment... 2.0.0.0... 00000 c cece eee eeee 85.6 2 0 3 7 1 3 2 9 4 8 3 é 
- @£;|})9O§ Oe CeTeETTCeETCTE TEC Terre T Tr 85.9 3 3 4 6 1 5 4 3 7 5 6 8 
585 Chemistry, hydrocarbons.....................--. 86.2 2 1 2 2 3 3 0 4 5 8 3 
123 Internal-combustion engines................-.000. 86.5 1 2 2 7 2 0 4 3 © 8 3 “ 
367 Comm., electrical: acoustic wave systems & devices . 86.8 6 2 5 2 2 0 0 2 0 7 3 3 
307 Electrical transmission or interconnection systems ..... . 87.0 13 5 9 1 1 4 0 2 4 6 4 2 
341 Coded data generation or conversion ............... 87.3 3 1 2 1 0 0 1 1 4 8 2 A 
342 Communications, directive radio wave systems & devices. 87.6 6 6 2 4 1 1 0 2 2 7 3 oa 
560 Part of the class 532-570 series-organic compounds.... 87.8 6 1 11 7 6 10 3 5 4 # 2 a 
4 PY (continued) 
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U.S. patents awarded to U.S. academic institutions by technology class, ordered by volume of 1989-91 patenting activity: 1969-91 


(page 3 of 4) 
Cum. Number of patents awarded 
percent ry ere nas ite ‘ ) , J 
Technology class 1989-91 1969-72 1973-74 1975-76 1977-78 1979-80 1981-82 1983-84 1985-86 1987-88 1989-90 1991 
430 Radiation imagery chemistry—process, composition 
i i a a ie lee 88.1 3 0 2 0 2 4 3 7 7 8 1 
I a Nh aa as ae 88.3 4 0 3 4 3 2 0 1 9 8 1 
361 Electricity, electrical systems and devices ............ 88.6 3 a 2 0 3 0 1 2 0 5 4 
562 Part of the class 532-570 series-organic compounds.... 088 = 3 6 3 2 1 2 3 3 5 3 
374 Thermal measuring andtesting............... 89.0 1 0 1 3 2 2 6 5 3 7 1 
es ie ee A a i ei an a ob ak oa ek 89.2 1 1 0 1 9 2 2 2 2 3 5 
333 Wave transmission lines and networks .............. 89.4 8 2 3 4 9 = a 3 4 4 4 
 —  . . .|(|. FERS Si ee 89.6 2 2 2 0 2 1 0 1 4 7 1 
340 Communications, electrical....................... 89.9 7 9 5 3 4 2 3 8 8 4 4 
414 Material or articie handling....................... 90.0 1 3 1 - 1 2 1 2 3 5 2 
Se GS ar: 90.2 7 0 1 0 0 0 1 3 2 5 2 
521 Part of the class 520 series—synthetic resins or 
i a ee a a ee ks ie oe 90.4 6 3 3 6 2 1 2 2 0 5 2 
206 Special receptacie or package .................... 90.6 0 1 0 0 0 0 0 0 3 5 2 
318 Electricity, motive power systems .................. 90.8 7 0 2 3 2 2 3 1 3 1 6 
524 Part of the class 520 series—synthetic resins or 
ee er ee ee 91.0 4 1 3 2 1 1 2 2 3 3 4 
363 Electric power conversion systems ................. 91.2 1 1 2 3 4 3 4 1 5 6 1 
568 Part of the class 532-570 series—organic compounds .. . 91.4 8 5 13 15 1 4 3 10 6 6 1 
370 Multiplex communications ....................4.4. 91.6 1 1 0 1 1 0 0 4 3 6 1 
44 Fuel and igniting devices........................ 91.7 0 0 0 1 1 4 0 5 6 4 2 
534 Part of the class 532-570 series-organic compounds.... 91.9 1 1 5 2 0 1 1 0 4 5 1 
52 Static structures, e.g., buildings ................... 92.0 0 3 1 1 1 3 4 1 2 3 3 
RR I Ce ere Tee eee ee errs Te rs eee 92.2 0 0 0 0 0 0 0 1 0 6 0 
74 Machine elements and mechanisms ................ 92.4 4 1 2 4 2 3 1 3 3 3 3 
405 Hydraulic and earth engineering................... 92.5 4 1 1 1 1 1 3 2 3 3 3 
375 Pulse or digital communications ................... 92.7 2 3 0 0 2 0 2 2 4 3 3 
— J ITS TT TTP OR TET CET CTCTPE CTC ET OTE 92.8 4 3 2 1 2 1 1 3 1 2 4 
205 Electrolysis: processes, compositions used therein 
Se re ee eee ee 93.0 1 1 1 0 1 3 2 3 3 5 0 
272 Amusement and exercising devices ................ 93.1 1 0 0 0 0 1 1 4 5 4 1 
Se I ind £4) 64 0h.0465.0000 040000804804 93.2 3 2 0 7 3 2 7 9 1 4 1 
134 Cleaning and liquid contact with solids............... 93.4 0 0 1 1 2 4 3 0 0 4 1 
FT STITT TERERE TTT CCCEPEE CCT TTe 93.5 2 2 0 0 0 3 3 3 2 4 1 
294 Handling, hand and hoist-line implements ............ 93.6 0 0 0 1 0 1 0 1 2 2 3 
(continued) 
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Appendix table 5-28. Pa 
U.S. patents awarded to U.S. academic institutions by technology class, ordered by volume of 1989—91 patenting activity: 1969-91 ® 
(page 4 of 4) ° 
Cum. Number of patents awarded 
percent ' 

Technology class 1989-91 1969-72 1973-74 1975-76 1977-78 1979-80 1981-82 1983-84 1985-86 1987-88 1989-90 1991 

419 Powder metallurgy-processes..................... 93.8 1 0 0 0 0 0 1 2 1 3 2 

564 Part of the class 532-570 series—organic compounds.... 93.9 4 2 4 4 0 0 2 6 4 3 2 

420 Alloys or metallic compositions.................... 94.1 3 2 1 0 1 1 0 5 0 4 1 

315 Electric lamp and discharge devices, systems ......... 94.2 3 3 < 1 2 2 6 3 3 2 

343 Communications, radio wave antennas.............. 94.3 15 3 0 a 1 3 1 1 0 4 1 

371 Error detection/correction and fault detection/recovery ... 94.5 1 0 1 1 0 2 1 1 4 3 2 

377 Elec. pulse counters, pulse dividers or shift registers ... . 94.6 5 0 0 0 0 0 1 0 1 2 2 

le i hit ta ad ek eRe eek ieee he eed 94.7 2 0 1 1 2 1 1 1 0 2 2 
ee |. FS ase 94.8 0 1 1 0 0 0 0 0 1 3 1 | 
Fs one 94.9 0 2 0 0 0 0 0 0 1 2 2 | 
335 Electricity, magnetically operated switches, magnets ... . 95.0 1 0 3 0 0 0 0 2 0 3 1 | 


SOURCE: Technology Assessment and Forecast Program, U.S. Patent and Trademark Office, U.S. Universities 1969-1991 (Washington, DC: Oct. 1992). | 
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Appendix table 6-1. 
Gross domestic product for selected countries: 1960-91 
U.S. United South The Nether- United 
GDP States Canada Japan Korea Austria Belgium Denmark France Germany’ italy lands Norway Sweden Kingdom 
Billions® Relative GDP 

eee $2,323.76 100.0 7.0 15.2 1.3 18 2.5 1.6 13.6 18.6 12.4 3.9 1.1 2.7 19.0 
are 2,385.47 100.0 7.1 16.9 1.3 1.9 2.6 16 13.9 18.9 13.1 3.9 1.1 28 19.2 
eS 2,508.18 100.0 7.2 17.2 1.3 1.8 2.6 1.6 14.2 18.8 13.2 3.9 1.1 2.8 18.4 
ere 2,612.05 100.0 7.3 18.3 1.4 1.8 2.6 1.6 14.3 18.6 13.4 3.9 1.1 28 18.4 
aaa 2,759.61 100.0 7.3 19.6 1.4 18 2.6 16 14.4 18.8 13.0 4.0 1.1 2.9 18.3 
ns i sak abe 2,912.94 100.0 74 19.5 1.4 1.8 2.6 1.6 14.3 18.7 12.7 40 1.1 28 178 
eee 3,088.18 100.0 7.5 20.4 1.5 18 2.5 1.5 14.2 18.2 12.7 3.8 1.1 2.7 17.1 
Pe 3,168.26 100.0 7.5 22.0 1.5 18 2.5 1.5 14.5 17.7 13.3 3.9 1.1 2.7 17.1 
ee 3,298.63 100.0 7.6 23.8 1.7 18 2.5 15 145 17.9 13.6 40 1.1 2.7 17.2 
ee 3,388.25 100.0 7.8 26.0 1.8 1.8 2.6 1.6 15.1 18.7 14.1 42 1.1 2.8 16.9 
eer 3,386.72 100.0 8.0 28.6 2.0 2.0 2.8 1.6 16.0 19.7 148 44 1.1 3.0 17.3 
Sw 666 aoa ehinc 3,491.88 100.0 8.2 28.9 2.1 2.0 2.8 1.6 16.3 19.7 14.6 45 1.2 29 17.3 
eee 3,659.11 100.0 8.2 29.9 2.1 2.0 2.8 1.6 16.2 19.6 14.3 44 1.2 2.8 16.9 
rrr 3,849.30 100.0 8.4 30.5 2.3 2.0 2.9 1.6 16.3 19.5 14.6 44 1.2 2.8 17.3 
ae 3,825.16 100.0 8.9 30.5 2.5 2.1 3.0 1.6 16.9 19.7 15.5 46 1.2 2.9 17.3 
Sarre ry 3,794.07 100.0 9.2 31.7 2.7 2.1 3.0 1.6 17.0 19.6 15.2 46 1.3 3.0 17.3 
ey 3,981.43 100.0 9.3 31.5 2.9 2.1 3.0 1.6 16.8 19.6 15.4 46 1.3 2.9 17.1 
ers 4,160.91 100.0 9.2 31.5 3.1 2.1 2.9 1.6 16.6 19.3 15.3 45 1.3 2.7 16.5 
eer 4,361.46 100.0 9.2 31.5 3.2 2.0 2.8 1.5 16.4 19.0 15.1 44 1.3 2.6 16.3 
ie." 4,471.34 100.0 9.3 32.5 3.4 2.1 2.8 1.5 16.5 19.3 15.6 44 1.3 2.7 16.3 
— errr. 4,447.20 100.0 9.5 33.8 3.3 2.1 2.9 1.6 16.9 19.6 16.3 45 1.4 2.7 16.1 
rrr, 4,525.87 100.0 9.7 34.4 3.5 2.1 2.9 1.5 16.8 19.3 16.2 44 1.4 2.7 15.6 
0 res 4,428.36 100.0 9.6 36.3 3.8 2.2 3.0 1.6 17.6 19.5 16.5 44 1.4 2.8 16.2 
Per 4,600.65 100.0 9.5 35.9 4.1 2.1 2.9 1.6 17.0 19.1 16.1 43 1.4 2.7 16.2 
eee 4,885.52 100.0 9.5 35.2 4.2 2.0 2.8 1.5 16.3 18.5 15.5 42 1.4 2.7 15.5 
ee 5,040.15 100.0 9.7 35.8 4.4 2.0 27 1.6 16.1 18.3 15.5 4.2 1.4 2.6 15.6 
eee 5,187.00 100.0 9.7 35.7 48 2.0 2.7 1.6 16.0 18.1 15.5 4.1 1.5 2.6 15.8 
SS Prrrrr 5,346.46 100.0 9.8 36.1 5.2 2.0 2.6 1.5 15.9 17.8 15.5 4.0 1.4 26 16.1 
it. (£4aees%08 5,556.91 100.0 9.9 36.9 5.6 2.0 2.7 1.5 16.0 17.8 15.5 4.0 1.4 2.6 16.1 
ares 5,697.52 100.0 99 37.7 5.8 2.0 2.7 1.5 16.2 18.0 15.6 4.1 1.4 2.6 16.1 
PPP ree 5,744.04 100.0 9.8 39.3 6.2 2.1 2.8 1.5 16.4 18.7 15.8 4.2 1.4 2.6 16.0 
Peers 5,677.50 100.0 9.7 41.6 6.8 2.1 2.9 1.5 16.8 19.6 16.2 43 14 25 15.9 


NOTES: For relative GDP calculations, United States = 100. Country GDPs were determined using 1985 purchasing power parities. 

‘German data are for the former West Germany only. 

2U_S. GDP is expressed in constant 1991 dollars. 

SOURCE: Bureau of Labor Statistics, unpublished tabulations, February 1993. 
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Appendix table 6-2. 2 
Gross domestic product for selected countries, per capita: 1960-91 © 
e 
U.S. United South The Nether- United 
GDP States Canada Japan Korea Austria Belgium Denmark France Germany’ italy lands Norway Sweden Kingdom 
Billions? Relative GDP per Capita 
eee $ 12.855 100.0 71.1 29.4 9.4 46.4 50.1 61.3 53.7 60.7 447 61.5 56.0 66.1 65.7 
RSE te 12,983 100.0 71.1 33.0 95 48.1 51.9 63.9 55.5 62.0 476 619 58.3 68.8 66.7 
eer 13.442 100.0 72.2 33.8 92 47.3 52.5 64.6 56.2 61.9 48.5 614 57.4 68.9 64.5 
I eee bed 13,798 100.0 72.6 36.1 95 476 53.0 62.7 56.7 61.3 495 61.0 57.6 70.3 65.1 
nee 14.378 100.0 72.9 38.8 9.7 48.2 54.0 65.1 57.3 62.1 48.5 62.7 57.6 71.6 65.2 
See 14.988 100.0 73.2 38.7 9.6 47.2 53.1 64.9 57.1 62.1 47.7 62.5 57.7 70.6 63.5 
a 15,708 100.0 73.3 40.5 10.0 47.3 52.0 62.9 56.8 60.4 47.9 60.5 56.7 68.1 61.6 
eR ie aad 15.241 100.0 73.0 43.7 10.2 476 52.9 63.5 58.2 59.2 50.2 62.1 58.9 68.9 62.0 
ee 16.432 100.0 73.4 47.3 10.8 48.0 53.3 63.7 58.4 60.4 516 63 5 57.9 68.8 62.4 
Ea 16.713 100.0 75.0 51.5 11.8 50.0 55.8 66.2 61.0 63.2 53.5 66.0 59.0 70.6 61.8 
Sree 16.513 100.0 76.8 56.5 12.7 54.0 59.9 67.9 64.7 66.6 56.7 69.8 60.5 75.4 63.9 
Eh os oa oe 16.813 100.0 78.7 57.3 13.4 55.5 60.8 68.0 65.9 66.7 56.2 70.5 61.7 742 64.2 
Pee 17,431 100.0 79.4 59.0 13.3 56.5 61.5 68.6 65.8 66.6 55.3 69.6 62.1 73.0 63.2 
a eae 18,162 100.0 81.2 59.6 14.3 56.6 62.3 67.9 66.1 66.7 56.4 69.3 61.6 72.7 65.3 
2 17,883 100.0 84.9 59.3 15.4 59.6 65.7 68.0 68.8 67.9 60.0 72.6 65.4 76.0 65.8 
3 17,567 100.0 87.4 61.3 16.5 60.7 65.7 68.5 69.5 68.4 59.2 73.3 69.0 79.0 66.5 
re 18.256 100.0 88.1 60.8 17.7 61.1 66.6 70.0 69.4 69.6 60.4 73.5 70.6 76.6 66.4 
Se 18.888 100.0 87.2 61.0 18.5 61.8 64.6 68.6 68.9 69.4 60.3 72.2 70.4 72.5 64.9 
rere 19,591 100.0 87.0 61.1 19.3 59.6 63.9 66.9 68.4 69.0 59.8 70.9 70.7 71.0 64.8 
a 19.863 100.0 88.2 63.1 20.2 61.7 64.4 68.1 69.4 70.8 62.4 71.1 73.0 725 65.3 
Saree 19.530 100.0 89.9 65.9 19.8 64.6 68.2 68.9 71.3 72.5 66.0 72.4 77.1 748 65.0 
a See 19.679 100.0 91.4 67.3 20.6 63.8 67.0 67.8 71.2 72.0 65.7 70.8 76.9 742 63.8 
i ere 19,071 100.0 90.4 71.1 22.5 66.4 70.2 72.1 74.9 73.6 67.8 71.7 79.3 774 66.8 
i are 19,634 100.0 89.8 70.5 24.0 66.0 68.5 71.9 72.9 72.9 66.3 70.4 80.4 76.5 67.3 
ares 20,667 100.0 90.0 69.4 24.7 63.6 66.4 71.3 69.8 71.4 64.5 68.7 80.5 75.5 65.0 
See Te 21,132 100.0 91.6 70.8 25.5 63.7 65.4 72.7 69.3 714 64.6 68.7 82.6 75.4 65.8 
eer 21,550 100.0 92.1 70.8 27.9 63.1 65.2 73.8 69.3 71.5 65.0 68.3 84.1 75.3 67.0 
PPE PSs 22.015 100.0 92.9 718 30.3 62.7 65.1 72.4 69.0 71.0 65.5 67.0 83.6 75.6 68.6 
a PPP ree 22,673 100.0 93.6 73.7 32.5 63.2 66.3 71.0 69.7 71.0 66.1 66.3 80.3 74.7 69.3 
rere 23,030 100.0 93.1 75.7 33.6 64.3 67.5 70.3 71.0 716 66.9 67.9 79.2 748 69.5 
errr Te 22,980 100.0 91.6 79.6 36.4 66.5 69.5 71.8 72.4 74.0 68.4 70.3 80.5 75.0 69.8 
Pree e 22,466 100.0 90.8 84.7 40.0 69.2 73.7 74.1 745 78.2 70.8 72.9 83.5 748 69.7 


NOTES: For relative GDP calculations, United States = 100. Country GDPs were determined using 1985 purchasing power parities. 
‘German data are for the former West Germany only. 

°U.S. GDP is expressed in constant 1991 dollars. 

SOURCE: Bureau of Labor Statistics, unpublished tabulations, February 1993. 


See figure 6—1 Science & Engineering indicators - 1993 
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Appendix table 6-3. 


Gross domestic product for selected countries, per employed person, 1960-91 


U.S. United South The Nether- 
GDP States Canada Japan Korea Austria Belgium Denmark France Germany’ Italy lands Norway Sweden 
Billions< Relative GDP per employed person 
ee es $34,027 100.0 779 23.8 NA 38.7 49.9 52.3 47.0 48.7 415 57.9 498 51.7 
re 34,917 100.0 77.1 26.2 NA 39.4 50.7 53.2 48.3 49.0 43.4 57.3 50.6 52.8 
ee 36,073 100.0 778 26.8 NA 39.3 50.8 53.5 49.9 49.4 448 56.7 50.0 53.0 
ee 37,050 100.0 778 28.6 12.5 40.1 51.3 51.7 50.7 49.3 46.8 56.2 50.3 54.1 
SS oo aie ax nen 38,305 100.0 776 30.9 13.1 41.2 52.3 53.4 51.7 50.8 46.7 58.1 51.0 55.1 
aaa 39,465 100.0 77.4 31.0 12.7 414 52.4 53.3 52.4 51.7 48.0 £3.8 51.7 55.1 
aa ae 40.624 100.0 772 32.6 13.5 429 52.3 52.1 53.2 51.8 50.3 58.3 51.9 546 
Saree 40,714 100.0 77.0 35.3 13.8 449 545 54.1 55.4 53.3 53.1 61.5 546 56.9 
ae ae 41.516 100.0 78.2 38.3 144 46.6 55.7 546 56.8 55.1 55.5 63.7 54.7 57.2 
ee 41,621 100.0 79.7 42.5 15.9 494 58.3 57.4 59.7 58.1 59.2 66.8 56.5 58.9 
Tes 41,369 100.0 81.5 46.4 16.8 53.1 62.3 58.5 62.7 60.7 62.4 70.2 57.1 61.8 
errr. 42,489 100.0 82.0 46.8 17.3 53.7 62.4 58.1 63.7 60.6 61.8 70.8 57.6 60.9 
aera 43,251 100.0 82.8 49.7 17.0 55.6 64.7 58.9 65.0 61.S 63.4 72.5 58.9 61.0 
SE Ss bn se hoon a 44,047 100.0 83.5 51.2 18.0 56.3 66.7 59.2 66.3 63.0 66.2 74.5 59.8 62.0 
Darin. Soa 42.968 100.0 85.8 52.3 19.2 59.5 70.1 60.3 69.5 65.6 70.2 78.6 63.6 64.3 
ae 43,102 100.0 86.3 53.9 20.1 59.5 69.9 60.5 69.7 66.2 67.7 78.9 648 64.5 
ae 43,802 100.0 88.4 547 21.0 60.8 73.0 62.2 71.0 69.0 70.5 81.1 65.9 63.9 
Se ee 44,194 100.0 89.1 56.0 22.3 62.5 73.0 62.2 72.1 70.2 71.6 80.6 66.0 62.2 
7a 44,430 100.0 89.6 57.7 23.3 62.0 745 62.1 73.8 714 73.7 81.3 67.4 62.7 
7 44,309 100.0 89.7 60.3 248 64.8 75.6 63.7 76.3 73.3 775 82.0 69.9 64.4 
Ee 43,856 100.0 89.3 62.5 24.5 67.1 79.8 64.4 78.3 73.7 80.4 81.0 72.0 65.4 
Perr crs 44,138 100.0 89.6 63.8 25.4 66.5 80.1 64.3 79.2 73.4 80.2 79.5 71.5 64.9 
eae 43,541 100.0 91.0 66.1 26.9 69.0 83.4 66.8 82.2 746 81.6 79.9 72.6 66.7 
0 ee 44,652 100.0 91.1 65.1 29.1 69.1 82.6 66.6 81.0 75.0 80.1 80.6 74.3 66.0 
ee 45,564 100.0 92.7 66.1 31.3 68.6 82.8 67.0 81.2 75.4 80.2 80.4 76.6 66.7 
tt tis 6440 bes 46,078 100.0 93.5 68.2 31.9 69.3 82.1 67.4 82.1 754 81.0 79.3 77.6 66.8 
Cin kee’ TTC 46,378 100.0 93.4 69.0 34.4 69.4 82.3 67.6 83.5 755 82.2 79.2 78.0 67.4 
er 46,614 100.0 94.1 70.7 36.4 70.2 83.2 66.9 84.7 75.7 845 78.1 775 68.4 
0 ere 47,417 100.0 94.1 72.6 38.7 71.4 846 66.9 86.3 76.6 85.2 77.7 76.4 67.8 
ee 47,658 100.0 94.0 742 39.3 728 86.2 67.3 88.4 776 87.7 79.4 78.3 68.1 
Seer 47,835 100.0 92.6 76.2 415 743 87.5 68.8 89.2 78.9 88.1 79.3 79.9 67.7 
xy 47,712 100.0 92.9 78.3 43.8 75.5 89.8 70.4 90.1 80.0 88.4 79.8 82.4 67.9 


United 
Kingdom 


NOTES: For relative GDP calculations, United States = 100. Country GDPs were determined using 1985 purchasing power parities. 


‘German data are for the former West Germany only. 
?U_S. GDP is expressed in constant 1991 dollars. 


SOURCE: Bureau of Labor Statistics, unpublished tabulations, February 1993 


See figure 6—1 
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Appendix table 6—4. 
Global production, exports, and imports of manufactured products, by region/country and industry: 1981-92 
(page 1 of 7) 


¢ Obb 


1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of constant 1980 U.S. dollars 
All manufacturing industries 

Production 
United States ......... 1.816.555 1,727,457 1.787.977 1.941.314 1,952,791 1.968.889 2.134640 2.233440 2.299095 2.301.184 2.294635 2.410.674 
ls io occ sh ile ae sel 975.165 1,021,451 1,082,074 1,126,781 1.234.646 1,211,675 1.234.999 1.346.133 1,394,714 1.466.379 1.510.967 1.557.773 
0 645,455 657.401 675.429 719,703 784,182 788,035 777.233 813,454 869.518 904.326 912.062 942.356 
ee 422.663 438,190 445.578 462.981 502,334 498 535 493,441 511.873 531.454 553,971 562.747 577.889 
United Kingdom ....... 381,665 388,985 403,296 437.280 463.628 464,906 508,941 538.278 547 462 560.640 547.768 558,695 
Sa 246.502 260.316 282,501 282.794 297.494 302.271 325.206 332,900 332.468 331,042 338,779 
Other OECD countries*.. 890,457 969.895 1,045,779 1.096.526 1.183.836 1.204.745 1.228.360 1.252.320 1.275.700 1.308.486 1.318.710 1,350,006 
European Community ... 2.058.816 2,133,567 2.233.775 2.370.148 2.531.708 2.534.093 2.577.138 2.694723 2.801948 2.887.152 2,900.234 2.979.178 
hs ain oh ee 4 5.385.008 5449880 5.700.450 6,067,084 6404212 6434280 6679884 7,020,704 7.250842 7.427.453 7.477.931 7.736,172 

Exports 
United States ........ 162.207 144,737 138,326 149.678 155.790 166.199 195,167 239.401 261.971 276,361 290,610 306,206 
Pcs. vtacvencaae ae 141,802 158,543 191,380 210,860 223.799 235,228 258 234 281.667 305,389 314,729 346,592 
Germany’......... , 192.977 204.644 209.397 235,139 268.082 277.341 285,807 302.376 338.670 354,756 347 646 370,001 
ae 104,278 105,566 111,743 122.697 132,736 137,335 147,297 159,425 176,142 195.177 205.398 219,544 
United Kingdom ...... 84,290 90,230 94.603 107,357 122,243 145,338 161,634 177,534 192,954 211,990 206,967 223,381 
ee 79,082 82,380 88,065 95,957 108,935 115,888 120,189 128,940 143,359 155,709 149,902 155,713 
Other OECD countries*.. 333,051 349,322 387,577 436,102 494 031 543.886 586,267 616,953 660.227 747,431 767,879 830,070 
European Community ... 631.382 663,280 705,206 783,504 879.024 950.793 1.012.349 1.088.550 1,204,901 1,325,895 1,326,171 1.417.135 
ee lll 1,188,254 1.338.311 1.492.677 1.609.786 1,731,588 1,882,862 2.054.990 2.246.813 2.283.132 2.451.506 

Imports 
United States ........ 170.467 162,503 187,671 247.880 271,258 309,343 339,677 358.463 388,515 394.644 404.039 449 361 
Fe ee 52,759 57,548 64,622 76,330 83,549 115,874 148,302 184,151 207,730 218.055 224,568 246.949 
ae 129,181 133,170 151,395 167,306 189,517 222,150 241.565 258,571 294.147 361,418 419,635 446,663 
eee 90,218 98,870 106,060 112,164 129,170 161,742 182,877 203.277 222,618 250.774 247,606 269,115 
United Kingdom ...... 89.655 100,355 116,975 136,496 148,685 172.449 193,658 226,448 252.546 264,529 249, 562 272,767 
a ee ee eee 57,312 61,139 64,658 77,234 87,273 107.056 123,824 135.654 146.418 162.054 160,506 176,578 
Other OECD countries* .. 333.213 341.923 374,306 425,941 500,915 599,796 662,597 725,882 804.278 881,423 912.545 979,200 
European Community . . 522.610 557.813 619,053 690,098 779,776 942.270 1,055,755 1,169,273 1,300,759 1.478.859 1.540.497 1.665.741 
A re 922,805 955.508 1,065,688 1.243.350 1,410,368 1,688,410 1,892,501 2,092,445 2.316.252 2,532,897 2.618463 2,840,632 

High-tech industries’ 2 

Production 8 
United States ........ 278,422 287,908 306,194 368,557 388,512 414,323 458,020 503,057 539,731 560.368 585,832 640,189 o 
Pn cicacenveaneke | Se 171,012 200,228 252.500 283,169 301,317 328,936 385.433 400.394 428.420 457,401 480,694 > 
eee 87.798 88,247 94.054 103,720 121.746 128,605 132,245 143,061 155.420 163,129 165,723 175.224 > 
0 ee 49.481 49.811 51,389 55,807 64,573 67,993 68,826 74,225 76,722 81,522 85,365 88,881 3 
United Kingdom ...... 52.147 53,584 57.401 66,931 76,980 83,365 94.019 108,159 106.717 111,668 109.190 112.893 a 
PTT eT TC ree 28,962 29,180 30,992 31,560 32,183 40,525 43,301 50,808 52,858 55,163 54,796 56.601 « 
Other OECD countries? . . 83,863 87,796 99,705 106,813 119,548 132,392 137,812 145,945 148,347 156.073 160,017 165,791 ry 
European Community ... 247,618 253,889 273,484 303,294 345,521 372,949 391,301 432,227 450.276 473.250 479,823 501,226 © 
GM cece eee es) |= 767,536 839,963 985.885 1,086,708 1,168,521 1,263,155 1,410,689 1,480,188 1.556.344 1.618.322 1,720,274 
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1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of constant 1980 US. dollars 

Exports 
United States ......... 46.042 43.647 48.019 56.153 63.953 73,459 90.271 115.235 126.749 136.101 141.167 148.687 
NA Sadik da nats eh al a 38.370 38,745 50.864 69.928 80,895 95,042 106.579 128,006 144.565 159.721 167,979 190.179 
OS FEET PC TTe 32,545 35,857 37.400 44,924 55.486 61.041 64.796 71.304 84.818 90.829 91,538 97.560 
naan ck ne 6 9 vw eA 15,646 18,527 19.465 23,535 27 263 30.354 35.835 40,130 47.054 52.476 58.035 63.531 
United Kingdom ....... 16,556 19.385 22.299 28.892 37.066 46.341 52.858 65.887 75.468 80,333 78.774 87.733 
I id ie as 9,207 9,904 11,078 13.044 17.039 19.155 20.579 24,999 30,320 33.066 28,957 28.769 
Other OECD countries °. . 40.990 43.214 49.858 60.614 75,064 91.834 106.567 119.503 139.570 178,169 175.966 195.321 
European Community .. . 93,398 104.304 114.780 141,412 175,519 206,425 233,081 269,992 320,843 368,541 364,567 396.423 
Ne a ae aie Lac 199,356 209,280 238,984 297.090 356,768 417.228 477,481 565,068 648.547 730,696 742.417 811.778 

Imports 
United States ......... 29.532 29.845 38,211 57,755 66,333 84.728 101,962 123,266 142.459 152.660 168,090 195.695 
cd al laa Shatin 7,600 7,735 9,788 11,948 14,721 20,953 25.770 36,056 46.004 52.564 57,094 66.780 
Gonmemy'............ 23,914 25,376 29,597 35,566 44.749 56.064 65,825 77,914 97,565 126,269 143,843 160,420 
RE Sr 14,704 16,466 19,069 22.146 28,126 39,231 47.643 59,769 67,609 79,920 78,781 88.178 
United Kingdom ....... 16,743 19,838 26.236 34.169 41.590 50,226 60.028 76.314 91,748 100,135 99.192 110,513 
a eee 9,440 9,793 10.869 14,855 18,761 25,309 31,481 39.233 41,693 48,967 48.678 54.869 
Other OECD countries? . . 55.169 56.786 68,575 87,552 112,137 147,580 172.695 211,500 248.719 286.414 303,330 331.629 
European Community ... 149,868 161,925 184,351 229,147 264 234 313,867 365,268 435,634 501.551 573,657 603,600 662,062 
soa aime bn 195,787 207 966 250,897 332.613 388,522 474,824 550,754 678,449 783,565 893,753 955,211 1,059,992 

Drugs and medicines (ISIC 3522) 

Production 
United States ......... 18,372 19,423 19,895 20,285 19,954 22,379 24,025 25,199 25,324 26.094 26,902 27,199 
ee ee 13,469 14,104 14,374 14,056 13,716 14,967 16,002 16,431 17,582 18,812 19.722 20.379 
rr 8,154 7,987 8,165 8,459 8,222 8,920 8,775 8.985 9,428 10.059 10.443 10,595 
Ps bt nKwe eke ales 3.276 2,999 2,889 2.844 2,671 2,845 2.772 2.802 2,998 3,139 3,197 3.271 
United Kingdom ....... 5,492 5,792 5,740 6,057 6,032 6,835 7,150 7.428 7,948 8.262 8,258 8,335 
oye ee 3,373 3,576 3,640 4.112 4,393 4,319 4.077 4,533 4,850 5.075 5,058 5.070 
Other OECD countries? . . 10,413 11,313 11,823 11,777 11,257 12,531 13,054 13,467 14,410 15,024 15.434 15,883 
European Community .. . 24,870 25,374 25,658 26.667 26,689 28,583 28,579 29.785 31,684 33,320 33,944 34,431 
sR ie eh Hap et 62,550 65,194 66,526 67,589 66,244 72,798 75,856 78,846 82,540 86,465 89.014 90,731 

Exports 
United States ......... 2,053 1,985 2,031 2,033 1,925 2,295 2,247 2,575 2,088 2.335 2.644 2,725 
ee ee 311 302 341 344 366 428 435 462 483 574 633 655 
es <5 a Gee nes 2,489 2,502 2,550 2.756 2,910 3,224 3,235 3,322 3,427 3,802 4,201 4,294 
0 ee eee 1,586 3,041 1,712 1.756 1,828 2,035 2,038 2.073 2,309 2,645 2,939 3,083 
United Kingdom ....... 1,772 1,936 1,927 2,037 2.162 2.748 2,728 2,682 2.778 3,175 3,461 3.638 
See ee ee 747 764 793 872 960 1,015 967 981 917 1,041 1,025 1,029 
Other OECD countries? . . 4,802 4,861 5,183 5,373 5,652 6,726 7,128 7,358 7,758 9,121 9,896 10,414 
European Community . . . 8,699 10,460 9,361 9,964 10,475 12.176 12,406 12,739 13,229 15,138 16,566 17,272 
ee eee 13,760 15,390 14,537 15,170 15,803 18,472 18,777 19,453 19,761 22,694 24.799 25,838 
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(page 3 of 7) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of constant 1980 U.S. dollars 

Imports 
United States ......... 836 764 921 1,119 1,185 1,489 1,677 2,011 1,224 1,341 1,575 1,636 
a a ee da 1,114 1,216 1,270 1,332 1,376 2,178 2,412 2,736 2,631 2,619 2,927 3,156 
Germany'............ 1,307 1,315 1,372 1,483 1,598 1,995 2.060 2,078 2,186 2,636 3,253 3,295 
a 764 786 854 868 925 1,209 1,288 1,498 1,721 2,073 2,358 2,480 
United Kingdom ....... 649 752 861 910 906 1,177 1,295 1,361 1,515 1,676 1,876 1,962 
ee 687 711 826 931 1,035 1,447 1,445 1,688 1,721 2,067 2,258 2,417 
Other OECD countries? . . 4,089 4,146 4.444 4.611 4,946 6,433 6,894 6,976 7,198 8,475 9,140 9,527 
European Community . . . 5,485 5,633 6,125 6,427 6,784 8,902 9,352 9,978 10,654 12,657 14,382 15,031 
RRS 9,447 9,690 10,549 11,253 11,971 15,928 17,070 18,348 18,196 20,888 23,387 24,474 

Office and computing machinery (ISIC 3825) 

Production 
United States ......... 35,496 43,187 60,802 90,639 108,463 124,475 146,853 174,577 201,076 217,612 239,173 285,020 
Se ee 16,615 20,999 36,445 56,257 82,127 101,093 124,004 154,181 164,973 176,521 188,878 202,099 
0 eee 5,378 6,148 9,371 15,173 22,722 26,356 27,356 32,064 35,276 37,746 37,660 40,296 
ee 3,294 3,854 5,705 8,782 10,661 12,267 12,620 14,764 15,797 16,903 18,086 19,352 
United Kingdom ....... 3,408 4,279 7,069 11,922 19,096 21,716 29,113 40,553 39,911 42,705 44,395 47,503 
BPS rere 1,385 1,406 2,477 3,423 3,564 10,533 11,307 17,669 18,906 20,229 20,384 21,811 
Other OECD countries? . . 5,554 7,923 11,896 18,683 25,671 30,717 31,488 34,246 34,705 36,982 39,268 41,939 
European Community . . . 15,190 19,091 30,356 49,571 69,156 85,988 95,288 121,238 127,044 135,936 140,102 149,909 
eer 71,130 87,795 133,765 204,878 272,305 327,157 382,739 468 053 510,645 548,698 587,843 658,020 

Exports 
United States ......... 9,957 11,073 16,022 23,892 30,469 37,531 49,376 66,925 73,707 77,245 80,168 84,297 
ee 4,579 6,069 12,096 21,019 29,192 41,703 52,592 67,781 81,169 91,718 98,960 115,848 
SE 4,181 4,993 7,592 10,940 17,815 22,492 24,765 27,140 34,968 37,384 37,231 39,211 
eee 2,332 2,610 4,270 6,330 9,068 12,691 16,360 18,168 22,475 23,913 25,855 28,038 
United Kingdom ....... 3,016 4,105 6,439 11,172 16,855 21,868 29,772 39,793 47,953 48,681 47,402 53,940 
i tee ae Ree b 646 69 1,436 1,843 2,595 3,716 6,932 8,385 9,194 12,344 16,766 17,550 13,950 12,918 
Other OECD countries? . . 5,554 7,153 12,156 19,543 28,780 38,905 49,633 58,234 72,951 86,078 90,560 103,001 
European Community . . . 14,164 17,880 28,338 45,033 69,533 91,392 113,332 136,110 173,267 187,222 187,574 205,418 
eee 31,054 37,848 61,171 96,612 139,112 183,575 231,690 290,385 349,990 382,570 394,126 437,253 

imports 
United States ......... 3,733 4,792 9,599 18,324 24,336 36,892 50,264 65,429 83,481 93,777 107,549 128,432 
SPT TT Tee 1,146 1,366 1,956 3,227 4,955 7,457 10,140 15,961 23,628 28,144 30,946 36,987 
Se 6h ek ded ced 4,315 5,009 8,332 12,585 19,585 26,891 33,128 41,000 55,468 73,657 82,837 91,974 
ee 3,340 4,608 6,933 9,542 14,258 21,061 26,582 34,121 40,846 48,214 45,183 51,820 
United Kingdom ....... 4.009 5,525 9,691 15,184 20,539 26,947 35,279 46,595 60,410 67,052 68,027 76,616 
PPT Cree ree 1,933 2,213 3,170 5,455 8,491 11,938 15,903 20,695 22,047 25,837 24,801 28,430 
Other OECD countries? . . 10,930 13,700 21,962 36,031 52,735 72,934 92,728 117,982 145,263 168,953 181,442 200,627 
European Community .. . 17,887 23,057 37,851 59,184 86,902 120,765 153,792 198,435 247,490 300,239 312,168 351,071 
rere 29,406 37,212 61,644 100,348 144,899 204,120 264,023 341,783 431,143 505,634 540,785 614,886 
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Global production, exports, and imports of manufactured products, by region/country and industry: 1981-92 
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1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of constant 1980 U-S. dollars 
Electrical machinery (ISIC 383 less 3832) 

Production 
United States ......... 59,852 55,526 57,292 65,447 63,772 63,586 67,338 70,599 71,385 69 868 66.578 69,002 
ae 48,135 49.061 52.888 59.092 63.619 63.732 67,289 74,667 79,493 85.057 90.409 94,305 
Germany’............ 36,169 34,572 36,944 38,470 41,967 42.896 46 253 48.854 52.185 54.416 55.926 59.136 
Ere 16,167 15,635 15,710 16,532 18,962 19.163 20,304 21,109 21,997 23,213 23,982 24,516 
United Kingdom ....... 14,188 14,304 14,622 15,718 16,491 16,859 17.968 18.855 19.631 20,628 20.188 20.718 
Eee 12,469 12,556 13,668 12,974 12,968 14,292 16.219 16,597 17,147 17,570 17,279 17,348 
Other OECD countries? . . 31,147 30,941 34,804 33,093 34,680 37,015 39,978 42.110 44.028 46.129 46.630 47 832 
European Community . . . 88,612 87,362 92.301 94.838 101,735 104,926 113,861 119.068 125,346 130,966 133,187 138,099 
I a at a he wt at a 218,128 212,594 225,928 241,327 252,458 257,542 275,348 292,792 305,865 316,881 320,993 332,857 

Exports 
United States ......... 8,618 9.483 9,802 11,144 9,873 10,678 12,787 16,166 17,373 18.872 19.806 21,495 
re 10,023 9,841 12,305 16.507 16,123 17,094 18,920 22,803 24,886 25.826 27,549 30,595 
ee 10,893 11,405 11,681 13,276 15,046 16,052 16,798 19.045 21,286 23,266 24,317 26,207 
Cie oko ae lad F091 5,269 5,639 6,243 6,718 6.972 7,501 8.282 8.610 10,046 11,035 11,840 
United Kingdom ....... 3,667 4.261 4,346 5.105 5,972 6.698 7,411 8,551 8.896 10,116 9.916 10,687 
eee ee 3.739 3,817 4,142 4,313 4,597 5.039 5,660 6,587 7,020 7,649 7,842 8,171 
Other OECD countries? . . 11,136 11,469 12,067 13,717 15,537 17,826 19,558 21,697 22.992 26,177 27,566 29,897 
European Community .. . 29,106 30,621 31,964 35,833 40,036 43,833 47,174 53,354 57,705 63,777 66.161 70,954 
ER ae 53.167 55,544 59,981 70,306 73,866 80,359 88.635 103.132 111,062 121,953 128.030 138,892 

Imports 
United States......... 8,669 8,941 10,791 15,475 14,791 16,590 19,855 23,840 24,563 25,317 26,210 28,753 
eee 1,792 1,920 2,268 3,108 3,081 4,007 4,933 6,641 7,770 8,985 10,358 11,794 
Ps cceeeeesess 5,949 5,948 6,626 8,117 9,035 10,541 11,745 13,483 14,910 17,997 20.249 21,544 
ee 4,185 4,528 4,738 5,411 5,974 7,562 8.885 10,396 10,706 12,455 13,135 14,267 
United Kingdom ....... 3,853 4,478 5,463 7,076 7,682 8,566 9,747 11,476 12,372 13,331 13,482 14,493 
0 eae ere 2,265 2,387 2,534 3,271 3,487 4,549 5,508 6,955 7,186 8.074 8.146 8,915 
Other OECD countries? . . 14,976 15,230 16,568 19.714 22,565 27,132 30,224 36,167 39,441 44.020 45.478 48,797 
European Community . . . 22,782 23,941 26,391 31,912 35,125 42,773 48,813 57,406 61,788 70,779 75,046 80,775 
Che eid we hike 41,688 43,431 48,988 62,172 66,614 78,948 90.895 108,959 116,948 130,178 137,058 148,561 

Communication equipment (ISIC 3832) 

Production 
United States ......... 75,621 80,577 84,226 100,718 100,707 101,425 110,557 118,747 123,996 124,185 127,888 130,831 
0 ee ee 66,221 70,243 79,506 105,089 103,481 101,871 102,223 119,203 118,430 126,720 135,590 139,970 
Ns + 64-060 Kee es 24,822 26,219 27,508 29,201 34,579 35,900 34,662 36,896 40,392 41,841 41,711 43,816 
Ee 11,095 11,857 11,697 12,549 15,624 16,038 15.216 15,942 17,058 18,092 18.691 19,128 
United Kingdom ....... 14,181 14,947 16,262 19,471 19,685 20,025 20,861 22,303 23,061 23,449 22,270 22,242 
heii dn es 666.0 40a-4 4.219 4,344 4,698 4,478 4.467 4 886 4,915 6,794 6,822 6,992 6,839 6,909 
Other OECD countries? . . 21,397 22,743 25,433 27,381 29,914 32.534 32,203 33,879 34,809 36,568 37,597 38,733 
European Community .. . 64,426 67,983 72,748 79,593 89,344 92.682 90.436 97,435 103,449 107,138 107,064 110.249 
Serer re 217,557 230,930 249,331 298 886 308,457 312,679 320,636 353,765 364,568 377,847 390.586 401,630 
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Global production, exports, and imports of manufactured products, by region/country and industry: 1981-92 


(page 5 of 7) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of constant 1980 U.S. dollars 

Exports 
United States ......... 3,690 3,540 3,356 3,416 3,562 3,765 4,305 5,533 6.412 6.670 6,769 6,295 
NEES es 16,001 15,444 18,077 22,981 25,069 24,916 23,507 24,754 24,992 27,507 26,492 27.689 
EERE 4,248 4,434 4,247 4698 5,314 5,874 6,225 6,061 6,694 6.997 5,762 6,333 
eee 1,401 1,592 1,912 2,008 2,337 2,304 2,709 2.767 3,285 5.085 5.779 6.657 
United Kingdom ....... 1,801 1,948 2,013 2.180 2,449 3,021 3,339 3,833 4.569 6.217 6.829 7,665 
ae 840 1,022 1,043 1,254 1,368 1,510 1,443 1,403 1,529 1,920 1,563 1.762 
Other OECD countries? . . 7,056 7,245 7,392 8,184 9.128 10,436 11,257 11,659 12,883 30,050 20,169 22,137 
European Community .. . 11,785 12,178 12,387 13,365 14,941 17,251 18,761 19,232 21,556 42,508 32,787 36,283 
ee one te 35,037 35,226 38,039 44,720 49,227 51,829 52.784 56,012 60,365 84.445 73,364 78,543 

Imports 
United States ......... 8,815 8,567 10,344 14,349 16,434 18,162 18,073 18,923 19.712 18,853 19.015 21,938 
RES 471 505 549 643 695 1,143 1,736 2,678 3,577 2.603 3,328 4.214 
Germany’............ 3,269 3,374 3,734 3,990 4,182 5,362 6,593 7,534 8,250 12,852 13,138 13,651 
ae 2.010 2,189 1,939 1,947 2,098 3,097 3,816 4,681 4,995 6,272 6,328 6,985 
United Kingdom ....... 2,966 3,493 3,973 3,632 4,073 4,998 5,837 6,891 7,755 8,104 6.402 7,136 
Serr ry 1,417 1,491 1,347 1,585 1,780 2,498 3,117 3,832 3,908 4.888 4,446 5,124 
Other OECD countries? . . 8,586 8,495 9,069 10,322 12,113 15,878 17,698 20,267 22,465 26,323 26,732 29.014 
European Community . . . 75,621 80,577 84,226 100,718 100,707 101,425 110,557 118,747 123,996 124,185 127,888 130,831 
SIERRA 66,221 70,243 79,506 105,089 103,481 101.871 102,223 119,203 118,430 126,720 135,590 139,970 

Aircrafi (ISIC 3845) 

Production 
United States ......... 50,162 48,118 43,840 48,728 51,913 58,185 62,553 63,331 65,391 67,922 69,571 70,178 
Picthceeuaneess 2,108 1,983 1,883 2,036 2,575 2,470 2,907 3,057 2,889 3,092 3,308 3,540 
re 4,734 5,093 4,247 4,156 4,476 4,321 4,961 4,909 6,601 7,063 7,557 8,086 
Pe 12,388 12,027 11,884 11,337 11,769 12,582 12,540 13,774 13,561 14,510 15,526 16,596 
United Kingdom ....... 11,120 9,939 9,812 9,693 11,071 13,094 13,851 13,415 11,017 11,115 8,863 9,089 
err rer re 3,134 3,034 2,420 2.454 3,037 2,747 3,152 3,298 3,366 3,601 3,563 3,788 
Other OECD countries? . . 5,243 4,812 4,450 4,700 5,565 6,292 6,380 6,627 5,748 5,781 5,288 5,322 
European Community .. . 32,796 31,687 29,653 28,866 31,809 34,344 36,260 37,258 36,478 38,356 37,586 39,720 
Ee 88,890 85,006 78,536 83,103 90,405 99,691 106,344 108,411 108,573 113,084 113,676 116,600 

Exports 
United States ......... 13,541 9,741 9,536 8,214 10,554 11,196 13,098 14,219 15,935 18,788 18,804 19,956 
Se ee 114 155 148 127 119 126 181 222 282 345 360 401 
ee 3,990 5,350 4,033 4,914 4,413 2,873 3,143 4,288 6,301 6,477 7,041 7,723 
ii in te b's ww ON 2,307 3,025 2,707 3,560 3,105 2,405 2,913 4,157 5,661 5.435 6,875 7,986 
United Kingdom ....... 2,799 3,215 3,400 3,574 3,928 5,157 2,588 3,488 3,571 3,481 2,939 3,147 
PT TT CTT Te 1,173 1,160 1,064 1,260 1,276 1,052 1,047 1,346 1,544 2,115 1,804 1,946 
Other OECD countries? . . 2,612 2,533 2,301 2,130 2,598 3,183 3,411 4,682 5,796 7,093 7,555 8,457 
European Community .. . 11,487 13,862 12,287 14,070 13,474 12,280 10,706 15,697 20,385 21,354 22,680 25,334 
SE ie ee ka ae 26,537 25,179 23,190 23,780 25,993 25,991 26,380 32,402 39,091 43,734 45,379 49.616 
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Global production, exports, and imports of manufactured products, by region/country and industry: 1981-92 
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1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Millions of constant 1980 U.S. dollars 

Imports 
United States ......... 2,598 2.278 1,644 2.289 2.667 3.355 3,314 3.678 3,960 3.819 4.170 4 886 
ee a 1,318 816 1,551 1,003 1,713 2.365 2.191 2.395 1,924 3,243 2.924 3.109 
re 4,806 5,412 5,042 4,483 4,556 4,267 4.667 5.679 8.051 8.478 11.739 16,707 
a 1,263 959 1,041 738 722 1,143 1.256 2.724 2.684 3,302 3.994 4.160 
United Kingdom ....... 1,580 1,608 1,736 2,142 2.682 2,030 1,093 2.625 1.686 1,372 1.242 1.395 
ES are 985 748 693 1,043 1,132 1,138 1,120 1,160 1,598 2.151 2.374 2.594 
Other OECD countries? . . 5,495 3,933 4765 3,878 4 488 5.885 5.314 9.081 11,370 12.686 13,451 14.363 
European Community . . . 10,457 10,224 10.164 9.609 10,381 10,008 9.807 15,183 19.154 21,191 26.079 32.366 
ee eS a 18,044 15,754 16,471 15,576 17,960 20,183 18,955 27,341 31,272 35,051 39.895 47.214 

Scientific instruments (ISIC 385) 

Production 
United States ......... 38,919 41,077 40,139 42,740 43,703 44 273 46.694 50,604 52,559 54,687 55.720 57,959 
ee 15,192 14,622 15,132 15,970 17,651 17,184 16,511 17,894 17,027 18,218 19,494 20,401 
GOI... ccc ccees 8,541 8.228 7,819 8,261 9,780 10,212 10.238 11,353 11,538 12,004 12.426 13,295 
i bea 3,261 3,439 3,504 3,763 4,886 5.098 5.374 5.834 5,311 5.665 5.883 6,018 
United Kingdom ....... 3,758 4,323 3,896 4,070 4.605 4.836 5.076 5.605 5,149 5,509 5.216 5.006 
Saree 4,382 4,264 4,089 4,119 3,754 3,748 3,631 1,917 1,767 1,696 1,673 1,675 
Other OECD countries? . . 10,109 10,064 11,299 11,179 12,461 13,303 14.709 15.616 14,647 15,589 15,800 16,082 
European Community . . . 21,724 22,392 22,768 23,759 26,788 26.426 26,877 27.443 26,275 27,534 27.940 28.818 
PG chi eeak ese ae 84.163 86,017 85.877 90,102 96,839 98.654 102,232 108,822 107,997 113,369 116.210 120,436 

Exports 
United States ......... 8,183 7,825 7,272 7,454 7,570 7,994 8.458 9.817 11,234 12,191 12,976 13,919 
Se 7,342 6,934 7,897 8,950 10,026 10,775 10,944 11,984 12,753 13,751 13,985 14,991 
Pe soe seus eke 6,744 7,173 7,297 8,340 9,988 10,526 10,630 11,448 12,142 12,903 12,986 13,786 
lee 2.929 2,990 3,225 3,638 4,207 3,947 4.314 4.683 4,714 5,352 5,552 5.927 
United Kingdom ....... 3,501 3,920 4,174 4,824 5,700 6,849 7,020 7,540 7,701 8.663 8.227 8,656 
ee 1,272 1,298 1,441 1,629 1,906 2.154 2.268 2.338 2.544 2,791 2.773 2,943 
Other OECD countries? . . 9,830 9,953 10,759 11,667 13,369 14,758 15,580 15.873 17,190 19,650 20.220 21,415 
European Community . . . 18,157 19,303 20,443 23,147 27,060 29,493 30,702 32,860 34,701 38,542 38,799 41,162 
ea add ves 68s 39,801 40,093 42.066 46,502 52,767 57,002 59.215 63,684 68,278 75,300 76,719 81,636 

Imports 
United States ......... 4,881 4,503 4,912 6,199 6,920 8.240 8.779 9.385 9.519 9,553 9.571 10,050 
ee 1,759 1,912 2,194 2,635 2,901 3,803 4,358 5.645 6.474 6.970 6.611 7,520 
ee 4.268 4.318 4,491 4,908 5,793 7,008 7,632 8.140 8,700 10,649 12,627 13,249 
IR ee a a ss od he 0 3,142 3,396 3,564 3,640 4,149 5,159 5,816 6,349 6.657 7,604 7.783 8.466 
United Kingdom ....... 3,686 3,982 4,512 5.225 5.708 6,508 6,777 7,366 8.010 8.600 8.163 8.911 
chee ek es db 606 60 2,153 2,243 2,299 2,570 2,836 3,739 4,388 4,903 5,233 5,950 6.653 7,389 
Other OECD countries? . . 11,093 11,282 11,767 12,996 15,290 19,318 19,837 21,027 22,982 25,957 27,087 29,301 
European Community . . . 17,636 18,493 19,594 21,297 24,335 29,994 32.947 35,885 38,469 44 606 48.037 51,988 
EEE Te re 30,981 31,636 33,739 38,175 43,597 53,774 57,588 62,815 67,576 75.282 78,496 84,887 

(continued) 
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Appendix table 6—~4. 


Global production, exports, and imports of manufactured products, by region/country and industry: 1981-92 


(page 7 of 7) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1996 1991 1992 
Millions of constant 1980 U.S. dollars 
Other industries* 

Production 
United States ......... 1,538,133 1439549 1,481,783 1,572,757 1.564279 1.554566 1,676,620 1,730,383 1,759,364 1,740,816 1.708803 1,770,485 
sos « wae ae onl 813,425 850,439 881,846 874,281 951,477 910,358 906,063 $60,700 994320 1,037,959 1,053,566 1,077,079 
Germany’............ 557,657 569,154 581,375 615,983 662,436 659,430 644,988 670,393 714,098 741,197 746,339 767,132 
0 EE 373,182 388,379 394,189 407,174 437,761 430,542 424.615 437 648 454,732 472 449 477,382 489.008 
United Kingdom ....... 329,518 335,401 345,895 370,349 386,648 381,541 414,922 430,119 440,745 448.972 438,578 445,802 
I A Rina kag 6 224,086 217,322 229,324 250,941 250,611 256,969 258,970 274,398 280,042 277.305 276,246 282,178 
Other OECD countries*.. 806,594 882,099 946,074 989.713 1.064288 1.072353 1,090548 1.106375 1.127353 1.152413 1,158,693 1,184,215 
European Community ... 1,811,198 1.879.678 1,960,291 2,066,854 2.186.187 2.161.144 2.185837 2262496 2351672 2,413,902 2.420411 2,477,952 
DT tiles bin 4 0s 4,642,590 4682344 4,860.487 5,081,199 5317504 5 265.759 5416729 5.610.015 5,770,654 5,871,109 5,859,609 6,015,898 

Exports 
United States......... 116,165 101,090 90,307 93,525 91,837 92.740 104,896 124,166 135,222 140,260 149,443 157,519 
SS 103,587 103,057 107,679 121,452 129,965 128.757 128,649 130,228 137,102 145.668 146,750 156,413 
BE oc cccccecceee 160,432 168,787 171,997 190,215 212,596 216,300 221,011 231,072 253,852 263,927 256,108 272,441 
a 88,632 87,039 92,278 $9,162 105,473 106,981 111,462 119,295 129,088 142,701 147,363 156,013 
United Kingdom ....... 67,734 70,845 72,304 78,465 85,177 98,997 108,776 111,647 117,486 131,657 128,193 135,648 

Denis +6 ahae's 69,875 72,476 76,987 82,913 91,896 96,733 99,610 103,941 113,039 122,643 120,945 126,944 

Other OECD countries? . 292,061 306,108 337,719 375,488 418,967 452,052 479,700 497,450 520,657 569,262 591,913 634,749 
European Community . . 537,984 558,976 590,426 642,092 703,505 744,368 779,268 818,558 884,058 957,354 961,604 1,020,712 
CS 6s ck bee aue * 898 484 909,401 949.270 1,041,221 1,135,909 1,192,558 1.254107 1,317,794 1406443 1,516,117 1,540,715 1,639,728 

Imports 
United States......... 140,935 132,658 149,460 190,125 204,925 224,615 237,715 235,197 246,056 241,984 235,949 253,666 
Se 45,159 49,813 54,834 64,382 68,828 94,921 122,532 148,095 161,726 165,491 167,474 180,169 
Jae 105,267 107,794 121,798 131,740 144,768 166,086 175,740 180,657 196,582 235,149 275,792 286,243 
ere 75,514 82,404 86,991 90,018 101,044 122,511 135,234 143,508 155,009 170,854 168,825 180,937 
United Kingdom ....... 72,912 80,517 90,739 102,327 107,095 122.223 133,630 150,134 160,798 164,394 150,370 162,254 
0 ee 47 872 51,346 53,789 62,379 68,512 81,747 92,343 96,421 104,725 113,087 111,828 121,709 
Other OECD countries? . 278,044 285,137 305,731 338,389 388,778 452,216 489.902 514,382 555,559 595,009 609,215 647,571 
European Community . . 372,742 395,888 434,702 460,951 515,542 628,403 690,487 733,639 799,208 905,202 936,897 1,003,679 
ia ih 2 aie etis ne 727,018 747,542 814,791 910,737 1,021,846 1,213,586 1,341,747 1,413,996 1,532,687 1.639.144 1,663,252 1,780,641 


ISIC = international standard industrial classification; OECD = Organisation for Economic Co-operation and Development 
NOTES: Values for the period 1989-92 are estimates based on the growth rate of the producing industry for each product category in each country (historical data or forecast where not yet reported) from DRI/McGraw-Hill 


forecasting services. Import (c.i f.) and export (f.0.b.) data were retrieved from the OECD Trade Series database in three-digit standard international trade classification (SITC) Revision 2 codes. They were then grouped to the 


ISIC products using the concordance between the ISiC codes and the SITC Revision 2 codes. Data were in US. dollars. 
‘German data are for the former West Germany only. 


?The 24 OECD member countries are Australia, Austria, Beigium/Luxembourg, Canada, Denmark, Finland, France, Germany, Greece. iceland, Ireland. Italy, Japan, The Netherlands, New Zealand. Norway. Portugal, Spain, 
Sweden, Switzerland, Turkey, the United Kingdom, and the United States. 


3OECD's standard definition of high-technology industries identifies six industries with high R&D intensities (ratio of R&D performed by industry to the value of gross output). This definition was esizvlished in 1986 using 1980 
data. OECD reviewed the R&)- intensities using preliminary 1989 data which reconfirmed the industries selected in 1986. 


SOURCE: OECD, Industrial Structure Statistics and Series C Trade Data (Paris); special tabulations by DRI/McGraw-Hill, 1993. 
See figures 6-2, 6-3, 6-4, 6-5, 6-6, 6-7, 6-8, 6-9, and 6-10. 
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Appendix table 6—5. % 
import share of domestic market for high-tech manufactures, by industry: 1931-92 © 
(page 1 of 2) 2 
Ro 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 2 

$$ _____—. —_—_____—. : Percent 3 

All high-tech manufactures é 
United States ......... 11.3 10.9 12.9 15.6 17.0 19.9 21.7 24.1 25.7 26.5 27.5 28.5 > 
aie gt ne akien 5.8 5.5 6.2 6.1 6.8 9.2 10.4 12.3 15.2 16.4 16.5 18.7 Ss 
0 errs 30.2 32.6 34.3 37.7 40.3 45.3 49.4 52.1 58.0 63.6 66.0 67.4 = 
AR ee 30.3 34.5 37.4 40.7 43.0 51.0 59.1 63.7 69.5 73.3 74.2 77.7 3a 
United Kingdom ....... 32.0 36.7 42.8 47.3 51.0 57.6 59.3 64.3 74.6 76.2 76.5 81.5 
senevertssnens 32.3 33.7 35.3 44.5 55.3 54.2 58.1 60.3 64.9 68.9 65.3 66.4 © 
W 


Drugs and medicines (ISIC 3522) 


United States ......... 4.9 4.2 4.9 5.8 6.2 6.9 7.1 8.2 5.0 5.3 6.1 6.3 

RCE 7.8 8.1 8.3 8.9 9.3 13.0 13.4 14.6 13.3 12.6 13.3 13.8 

ein Sas 4's ane 18.7 19.3 19.6 20.6 23.1 25.9 27.1 26.8 26.7 29.6 34.3 34.3 

EE Roe 31.1 105.6 42.0 44.4 52.3 59.9 63.7 67.3 71.4 80.8 90.1 93.0 | 

United Kingdom ....... 14.9 16.3 18.4 18.5 19.0 22.4 22.7 22.3 22.7 24.8 28.1 29.5 

ED al a baie sn ck td 6 20.7 20.2 22.5 22.3 23.2 30.5 31.7 32.2 30.4 33.9 35.9 37.4 | 
Office and computing machinery (ISIC 3825) | 

United States ......... 12.8 13.0 17.7 21.5 23.8 29.8 34.0 37.8 39.6 40.1 40.3 39.0 | 

er 8.7 8.4 7.4 8.4 8.6 11.2 12.4 15.6 22.0 24.9 25.6 30.0 

re 78.3 81.3 82.4 74.8 80.0 87.4 92.7 89.3 99.4 99.5 99.5 98.8 

a 77.6 78.7 82.9 79.6 90.0 102.1 116.4 111.1 119.5 117.0 120.8 120.1 | 

United Kingdom ....... 91.1 96.9 93.9 95.3 90.2 100.6 101.9 98.4 115.4 109.8 104.6 109.2 

i isivnhs ¢4es0k he 102.7 124.6 103.9 105.7 165.7 84.8 88.3 79.5 91.2 90.6 79.4 76.2 
Electrical machinery (ISIC 383 less 3832) 

United States ......... 14.5 16.3 18.5 22.2 21.5 23.9 26.7 30.5 31.3 33.2 35.9 37.7 

6 £6 9440444848 45 4.7 5.3 6.8 6.1 7.9 9.3 11.4 12.5 13.2 14.1 15.6 

Pee 19.1 20.4 20.8 24.4 25.1 28.2 28.5 31.1 32.5 36.6 39.0 39.5 

in, «ced ee ede ees 27.4 30.4 32.0 34.5 32.8 38.3 41.0 44.8 44.4 48.6 50.4 53.0 

United Kingdom ....... 26.8 30.8 34.7 40.0 42.2 45.7 48.0 52.7 53.5 55.9 56.8 59.1 

SPT TT cere 20.6 21.5 21.0 27.4 29.4 33.0 34.3 41.0 41.5 44.9 46.3 49.3 
Communication equipment (ISIC 3832) 

United States ......... 10.9 10.0 11.3 12.9 14.5 15.7 14.5 14.3 14.4 13.8 13.6 15.0 

ee 0.9 0.9 0.9 0.8 0.9 1.5 2.2 2.8 3.7 2.6 3.0 3.6 

SE bse ceseecess 13.7 13.4 13.8 14.0 12.5 15.2 18.8 19.6 19.7 26.9 26.8 26.7 

ee ee 17.2 17.6 16.5 15.6 13.6 18.4 23.4 26.2 26.6 32.5 32.9 35.9 

United Kingdom ....... 19.3 21.2 21.8 17.4 19.1 22.7 25.0 27.2 29.5 32.0 29.3 32.9 

 SPPPerrer rer re 29.5 31.0 26.9 33.0 36.5 42.5 47.3 41.5 42.5 49.1 45.7 49.9 
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Appendix table 6—5. 
import share of domestic market for high -tech manufactures, by industry: 1981-92 


(page 2 of 2) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Percent 

Aircraft (ISIC 3845) 
United States ......... 6.6 5.6 46 5.3 6.1 6.7 6.3 7.0 7.4 7.2 7.6 8.9 
re 39.8 30.9 47.2 34.4 41.1 50.2 446 45.8 42.5 54.1 49.8 49.8 
Germany'............ 86.6 105.0 95.9 120.3 98.6 74.7 72.0 90.1 96.4 93.5 95.8 97.9 
REE are 11.1 9.6 10.2 8.7 7.7 10.1 11.5 22.1 25.4 26.7 31.6 32.6 
United Kingdom ....... 16.0 19.3 21.3 25.9 27.3 20.4 8.8 20.9 18.5 15.2 17.3 19.0 
re Seer 33.4 28.5 33.8 46.6 39.1 40.2 34.7 37.3 46.7 59.1 57.4 58.5 

Scientific instruments (ISIC 385) 
United States ......... 13.7 11.9 13.0 14.9 16.1 18.5 18.7 18.7 18.7 18.4 18.3 18.6 
EE 18.3 19.9 23.3 27.3 27.6 37.2 43.9 48.9 60.2 60.9 54.5 58.2 
Es 5 uk bs 40 6588 70.4 80.4 89.6 101.6 103.7 104.7 105.4 101.2 107.5 109.2 104.6 103.8 
See 90.4 88.3 92.7 96.7 85.9 81.8 84.6 84.7 91.8 96.0 95.9 98.9 
United Kingdom ....... 93.5 90.8 106.6 116.9 123.7 144.8 140.2 135.6 146.8 157.9 158.4 169.4 
See 40.9 43.1 46.5 50.8 60.5 70.1 76.3 109.4 117.4 122.6 119.8 120.7 


ISIC = International Standard Industrial Classification 

NOTE: Apparent market consumption is estimated as production minus exports plus imports. 
‘German data are for the former West Germany only. 

SOURCE: Calculated from data in appendix table 6-4. 

See figures 6-11 and 6-12. 
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Appendix table 6-6. 
U.S. receipts and payments of royalties and fees associated 
with affiliated and unaffiliated foreign residents: 1987-91 


Foreign residents 


Total Affiliated Unaffiliated 
Millions of dollars 
Receipts 
Ret 9,914 7,629 2.285 
Set 11,802 9,156 2,646 
EEA Oe 13,064 10,207 2.857 
Re 16,470 13,081 3,389 
ere 17,799 14,014 3,785 
Payments 
els n'a 1,844 1,296 547 
ae ne Cin 2.585 1,410 1,175 
ai 2,602 1,778 824 
ES See 3,133 2,196 937 
Peer S 3,984 2,857 1,127 
E‘alance 
TER 8,070 6,333 1,738 
ae 9,217 7,746 1,471 
a dis nick © a 10,462 8,429 2.033 
RE o's bik oe at se 13,337 10.885 2,452 
reer 13,815 11,157 2.658 


SOURCE: Bureau of Economic Analysis, Survey of Current Business. Vol. 72. No. 9 (Sept 
1992). 
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Appendix table 6-7. 
U.S. receipts and payments of royalties and license fees generated from the exchange and use of industrial processes 
with unaffiliated foreign residents, by region/country: 1987-91 


¢ OS 


Receipts Payments Balance 
Region country 1987 1988 1989 1990 1991 1987 1988 1989 1990 1991 1987 1988 1989 1990 1991 
Millions of U.S. doliars 
Allcountries....__.. 1.678 1.962 2.051 2.452 2.586 459 525 612 715 881 1.219 1.437 1.439 37 1.705 
a 87 60 62 79 67 2 11 8 16 11 78 49 54 63 56 
eee 446 517 530 630 569 320 355 433 484 657 126 162 97 146 ~88 
European Community. 353 410 378 501 476 248 279 342 307 448 105 131 36 139 28 
hn. ol 73 82 52 78 96 33 37 51 54 70 40 45 1 24 26 
Germany’ ........ 79 73 77 107 98 100 112 137 133 192 -21 -39 —60 -—26 -94 
re 57 73 68 105 71 25 20 22 29 38 32 53 46 76 33 
United Kingdom... . 60 67 81 92 106 72 90 102 111 104 -12 -23 —21 -19 2 
Allother ......... 93 107 152 129 93 72 76 91 122 209 21 31 61 7 -116 
South and Central 
SR = 64 48 54 58 80 5 ’ . . 1 5 48 54 58 79 
ESR + 19 7 14 8 8 ° . ° . 19 7 14 8 8 
RR ee 14 13 18 23 27 3 . ’ ° 11 13 18 23 27 
EE dt a bates ach 31 28 22 27 45 2 NA NA NA 1 29 28 22 27 44 
RS ae wal so D 22 24 21 35 7 4 . 0 ’ 0 18 24 21 35 
Middie Eas: ........ D 18 17 22 25 2 3 4 3 4 -2 15 13 19 21 
Asia andthe Pacific... 936 1,185 1.248 1.466 1,664 95 112 120 162 150 841 1,073 1.128 1.304 1,514 
Hong Kong........ 4 6 7 6 6 1 . ’ 0 . 3 6 7 6 6 
a ae wh a ck 18 40 26 21 14 ° “ . . . 18 40 26 21 14 
Ns os bead as 5 5 8 11 20 0 r 0 0 0 5 5 8 11 20 
ED C6 a6 cee eek 723 883 897 1.028 1,244 88 108 109 142 148 635 775 788 886 1,096 
Malaysia.......... . 7 2 2 2 0 0 0 0 0 0 2 2 2 
The Philippines .... . 3 4 4 4 2 0 , 1 0 0 3 4 3 4 2 
Singapore......... 30 13 8 19 21 . 0 0 0 . 30 13 8 19 21 
South Korea ....... 34 107 167 249 228 ’ D D 34 107 167 249 228 
i ee 21 46 34 56 57 ’ . D 1 ’ 21 46 34 55 57 
6b dc 4 60:60 98 81 95 70 70 6 4 10 19 2 92 77 85 51 68 
Pe 145 112 116 176 146 28 40 47 50 58 117 72 69 126 88 


* = less than $500,000: D = withheld to avoid disclosing operations of individual companies: NA = not available 

NOTE: industrial processes include patents and other proprietary inventions and technology. 

‘German data prior to 1990 are for the former West Germany only. Beginning in 1990. these data are also for the tormer East Germany 
SOURCE: Bureau of Economic Analysis. Survey of Current Business. Vol. 72. No. 9 (Sept. 1992): pp. 95-99. 
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Appendix table 6—8. 
R&D performance by U.S. manufacturers: 1973-90 


Industry 1973 1974 1975 1976 1977. 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Total —_—_—_—_iiens 6G —$_—_—__—_—_—— enero nec RNe EN 
manufacturing .. 20,535 22,119 23,471 26,151 28,867 32,075 36,686 42,690 49,904 56,178 61,931 69,895 77.525 80,377 84,311 89,776 93,326 95,864 
High-tech 

industries’... . . . 13,346 14274 15,192 16,799 18,262 20,232 23,101 27,142 32,437 37,478 41,935 48,711 55,030 54,588 58.991 62,982 64.985 66,319 
Drugs&med.... 698 807 981 1,091 1,117 1,303 1,517 1,777 2,084 2499 2927 3318 3488 3.658 4100 4,746 5210 5,532 


Office &comp.eq. 1,733 2,103 2,220 2402 2655 2883 3,214 3962 4443 5675 6655 98156 9866 9797 9363 10,668 11,590 12,230 
Elect.machines*. 1,834 2,047 2,121 2382 2,295 2476 2,775 3,049 3,201 3,092 2,737 2365 1,987 1614 1239 1,200 1,291 1,321 
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Radio, TV, & 

comm. equip... 3,068 2,964 2,984 3,254 3591 4,031 5,049 6,127 7,127 7,831 9,944 11,414 12,445 13,366 14,609 15,042 15,477 15,837 
Aircraft... .... 5,052 5,278 5,713 6339 7,033 7,536 8,041 9,198 11,968 14,451 15,406 18,858 22,231 21,050 24,458 25,900 25,654 25,388 
Sci. instrumer's. 961 1,075 1,173 1,331 1,571 1,998 2505 3,029 3,614 3930 4266 4,601 5,013 5,103 5,222 5.426 5,763 6,011 
Chemicals? .... . 1,418 1,643 1,766 1,925 2085 2,272 2521 2858 3542 4,079 4220 4580 4960 5,185 5435 6,026 6,327 6524 
Motor vehicles... 2,405 2,389 2,340 2,778 3358 3,879 4,509 4955 4,806 4,797 5,318 6,057 6,984 9,795 9,332 9,959 10,704 11,422 
Other mig ...... 3,366 3813 4,173 4649 5,162 5692 6555 7,735 9,119 9,824 10,458 10,547 10,551 10,809 10,553 10,809 11,310 11,599 
— 3 Millions of constant 1985 dolars 

manufacturing .. 46,937 46,504 45,034 47,202 48,749 50,214 52,873 56,206 59,708 63,284 67,045 72,506 77,525 78,303 79,590 81,567 81,198 79,943 
High-tech 

industries’... . . . 30,505 30,010 29,149 30,322 30,840 31,673 33,294 35,735 38,809 42,218 45,398 50,531 55,030 53,180 55,688 57,223 56,540 55,305 
Drugs &med.... 1,595 1,697 1,882 1,969 1886 2,048 2186 2340 2493 2815 3169 3,442 3,488 3564 3870 4312 4,533 4,613 


Office & com.eq.. 3,961 4421 4,260 4336 4484 4513 4632 5216 5316 6393 7205 8461 9866 9544 8839 9693 10,084 10,199 
Elect.machines*. 4,192 4304 4,070 4,299 3876 3876 3999 4,014 3830 3483 2963 2453 1987 1572 1,170 1,090 1,123 1,102 


Radio, TV, & 
comm. equip... 7,013 6232 5,725 5873 6,064 6,311 7.277 8,067 8527 8822 10,765 11,840 12445 13,022 13,791 13,667 13,466 13,207 
Aircraft........ 11,547 11,097 10,962 11,442 11,877 11,798 11,589 12,110 14319 16279 16,678 19,563 22.231 20,507 23,088 23,532 22,320 21,172 
Sci.instuments. 2,197 2,260 2,251 2402 2653 3,128 3,610 3,988 4324 4427 4618 4773 5013 4,971 4930 4930 5014 5,013 
Chemicals’ ..... 3,241 3,454 3,388 3475 3521 3,557 3633 3,763 4,238 4595 4568 4,751 4960 5,051 5,131 5.475 5505 5,441 
Motor vehicles... 5,497 5023 4,490 5,014 5671 6073 6498 6524 5750 5404 5,757 6283 6984 9542 8809 9048 9313 9,525 
Other mfg....... 7,694 8017 8007 8391 8717 8911 9447 10,184 10,910 11,067 11321 10,941 10551 10530 9962 9821 9840 9673 


‘The Organisation for Economic Co-operation and Development's standard definition of high-technology industries identifies six industries with high R&D intensities (ratio of R&D performed by industry to the value of gross 
Output). This definition was established in 1986 using 1980 data. OECD reviewed the R&D intensities using preliminary 1989 data which reconfirmed the industries selected in 1986. 


Excluding communication equipment. 


Excluding drugs and medicines. 
SOURCE: Organisation for Economic Co-operation and Development, Structural Analysis Database for industrial Analysis, Analytical Business Enterprise R&D (STAN/ANBERD) file (Paris: 1993) 
See figure 6-16. Science & Engineering indicators - 1993 
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Appendix table 6-9. - 
R&D performance by Japanese manufacturers: 1973-90 ~ 
oe 
Industry 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 ' 
Total Billions of yen 
manufacturing .. 1.239 1.518 1,595 1.782 1.992 2.172 2.526 2.983 3.467 3.872 4.365 4917 5.722 5.897 6.268 6.955 7.935 8.901 
High-tech 
industries'...... 493 581 605 706 766 877 1,053 1.217 1.469 1.694 2.015 2.259 2.698 2.719 2.967 3.351 3.818 4.273 
Drugs & med. .. 64 79 95 110 121 135 177 190 218 240 290 295 342 342 381 416 456 516 
Office & com. eq. 39 31 44 54 67 77 94 112 138 163 203 303 346 374 466 599 808 895 
Elect. machines’. 147 160 167 206 229 267 312 281 342 386 458 538 616 619 666 742 866 996 | 
Radio, TV, & 
comm. equip. . . 197 258 242 286 272 309 369 512 619 744 861 932 1,154 1,130 1.191 1307 1,360 1,451 
IE 15 18 21 8 19 20 25 23 24 27 44 23 38 54 59 49 62 80 
Sci. instruments . 31 35 36 43 57 69 77 bee) 127 134 159 167 202 199 204 239 266 336 
Chemicals*® ..... 174 225 227 242 265 269 313 368 399 448 485 558 594 642 715 774 858 901 
Motor vehicles .. . 153 181 192 213 261 322 360 402 500 543 587 664 764 806 790 915 1,072 1,281 
Othermfg ...... 419 531 572 621 700 704 800 995 1,099 1,187 1,278 1,437 1,666 1,730 1.795 1,915 2.187 2.446 
Total 1985 purchasing power parities 
manufacturing .. 4.769 5.309 5.704 #£426.286 7,046 7,851 9682 11932 14629 17.116 19673 22437 26408 27.317 29900 34150 39.711 45,506 
High-tech 
industries’. ..... 1,897 2.031 2,163 2,490 2.708 3,169 4.035 4.869 6,202 7,487 9081 10307 12450 12594 14153 16455 19.109 21,847 
Drugs & med... . 248 277 340 386 426 487 678 759 922 1,060 1,307 1,348 1,578 1,584 1816 2044 2.282 2,639 
Office & comp. eq. 149 110 157 189 238 279 360 448 582 721 914 1,380 1,595 1,731 2.222 2940 4,044 4,575 
Elect. machines’. 566 558 596 728 810 965 1,194 1,125 1,444 1,705 2,062 2.456 2.844 2.869 3.176 3.643 4,336 5,092 
Radio, TV, & 
comm. equip 760 903 867 1,007 964 1,115 1.413 2.049 2.615 3.287 3.882 4.255 5,326 5.235 5.682 6418 6,806 7,418 
Aircraft........ 56 62 75 27 67 73 94 91 103 121 201 105 177 252 283 239 309 406 
Sci. instruments . 119 121 128 152 202 250 296 397 535 593 716 764 931 923 974 1,172 1,332 1,717 
Chemicals? ..... 669 787 812 855 939 974 1,199 1,474 1.684 1,979 2.184 2.544 2.744 2.972 3.412 3,801 4.294 4,605 
Motor vehicles ... 591 634 685 752 924 1.163 1,380 1,608 2.110 2.401 2.647 3,030 3,527 3.736 3,771 4,493 5.365 6.549 
Othermig ...... 1,613 1.857 2044 2,189 2.475 2.545 3,067 3,981 4,643 5.249 5.761 6.556 7,688 8.015 8.565 9401 10944 12,505 
Total Billions of constant 1985 yen 
manufacturing .. 2,307 2.354 2,295 2,380 2,496 2,592 2.937 3,315 3.716 4.080 4,533 4,997 5.722 5.792 6,157 6.805 7,630 8.373 
High-tech ind.’ .. . 918 901 870 943 959 1,046 1,224 1,353 1,574 1.785 2,092 2.295 2,698 2.670 2914 3,279 £3,671 4,020 
Drugs & med... . 120 123 137 146 151 161 206 211 234 253 301 300 342 336 374 407 438 486 
Office & comp. eq. 72 49 63 72 84 92 109 125 148 172 210 307 346 367 458 586 777 842 


Elect. machines*.. 274 247 240 276 287 319 362 312 366 407 475 547 616 608 654 726 833 937 


comm. equip. . . 367 400 349 381 341 368 428 569 664 783 894 947 1,154 1,110 1,170 1,279 1,308 1,365 
ee 27 28 30 10 24 24 29 25 26 29 46 23 38 53 58 48 59 75 
Sci. instruments . 57 54 52 58 72 83 90 110 136 141 165 170 202 196 201 234 256 316 

Chemicals® ..... 324 349 326 324 333 322 364 409 428 472 503 567 594 630 703 757 825 847 
Motor vehicles .. . 286 281 276 285 327 384 419 447 “36 572 610 675 764 792 776 895 1,031 1,205 
Othermfig ...... 780 823 822 829 877 840 930 1.106 1,178 1,251 1327 1460 1666 1,700 1,764 1873 2,103 2,301 


‘The Organisation for Economic Co-operation and Development's standard definition of high-technology industries identifies six industnes with high R&D intensities (ratio of R&D performed by industry to the value of gross 
output). This definition was established in 1986 using 1980 data OECD reviewed the R&D intensities using preliminary 1989 data which reconfirmed the industnes selected in 1986 

"Excludes communication equipment. 

‘Excludes drugs and medicines. 

SOURCE: Organisation for Economic Co-operation and Development. Structural Analysis Database for Industrial Analysis. Analytical Business Enterprise R&D file (STAN ANBERD) (Paris. 1993) 

See figure 6—17. Lg Science & Engineering Indicators - 1993 
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Appendix table 6—10. 
R&D performance by German manufacturers: 1973-90 


Industry 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Total Millions of deutsche marks 

manufacturing .. 10.796 11.928 13228 14314 15.421 18382 21.113 22939 24,352 26.586 27.951 29.700 33.974 36.275 39.232 41610 44252 46.748 

High-tech 

industries’... ._. 5.311 5.918 6.634 7.017 7.383 8,684 9602 10.017 10.273 10980 11527 12482 14677 16.125 17996 19.232 20647 2' 893 
Drugs & med... . 692 782 911 986 1,063 1.350 1,460 1,353 1,257 1,445 1.580 1,491 1.534 1.733 2172 2345 2531 2,702 


Office & comp.eq. 177 197 239 349 454 488 526 566 618 709 768 802 916 1035 1225 1358 1505 #£1.697 
Elect. machines? 1,367 1516 1676 1,737 1804 2153 2384 2495 2533 2613 2646 2826 3.309 3612 4002 3903 3807 3.834 


& comm. equip. 1.759 2016 2274 2427 2580 3,096 3446 3,606 3,741 4114 4460 4941 5918 6626 7526 7982 8466 8743 


a 1.084 £1,151 1.254 1.240 1202 1,247 1352 1,511 1616 1,583 1.576 1920 2439 2523 2419 2956 3612 4,146 
Sci. instruments . 232 256 280 278 280 350 434 486 508 516 497 502 561 596 652 688 726 771 
Chemicais* ..... 2.183 2522 2870 3,171 3.348 3,409 3.534 4073 4598 4880 4906 5214 5981 6.243 6,491 6.863 7.257 7.646 
Motor vehicles... 1,344 1413 1.531 1,739 1,981 2.439 2.923 3,281 3616 4138 4482 4742 5383 5808 6400 6896 7,431 7,973 
Othermig...... 1958 2075 2193 2387 2,710 3,850 5.054 5,567 5.865 6,589 7.036 7,262 7933 8099 8345 8619 8917 9236 
Total 
manufacturing... 3.660 4127 4741 5.263 5.641 7,180 8617 9.761 10363 12.140 12.705 13.750 15.802 16640 18.163 19.627 21.173 22,475 
High-tech 1985 purchasing power parities 
industries’... _.. 1800 2048 2378 2580 2796 3,392 3.919 4262 4372 5014 5240 5779 £46827 7,397 8,331 9072 9879 10,526 
Drugs & med... . 235 270 327 363 403 527 596 576 535 660 718 690 713 795 1006 1,106 £41,211 1,299 


68 86 128 172 191 215 241 263 324 349 371 426 475 567 640 720 816 
Elect. machines’. 463 525 601 638 683 841 973 1,062 1,078 1193 1203 1308 1539 1657 1853 1641 1822 1,843 


& Comm. equip. 596 698 815 892 977 1.209 1407 1,534 1.592 1879 2027 2288 2753 3,039 3484 3.765 4051 4203 
A 367 398 449 456 455 487 552 643 688 723 716 889 1.134 1,157 1,120 1,394 1728 £1,993 
Sci. instruments 79 89 100 102 106 137 177 207 216 235 226 232 261 273 302 325 347 371 

Chemicals’ 740 873 1029 1.166 1,268 1,332 1442 1,733 1957 2228 2230 2414 2782 2864 3,005 3237 3472 3.676 

Motor vehicles 456 489 549 639 750 953 1.193 1,396 1539 1889 2037 2195 2504 2664 2963 3253 3556 3,833 

Other rig 664 718 786 878 1027 11,504 2.063 2,369 2496 3,008 3.198 3362 3690 3715 3863 4065 4267 4,440 

Total Millions of constant 1985 deutsche marks 

manutacturing 19917 20618 21580 22497 23.417 26.680 29516 30554 31.174 32638 33.079 34325 38.455 39.782 42.181 44066 45449 46,748 

High-tech 

industries’...... 9,798 10,229 10823 11,028 11.210 12605 13424 13342 13,151 13479 13.642 14426 16613 17,684 19.349 20.367 21,206 21.893 
Drugs &med.... 1,277 1,351 1486 1550 1614 1959 2,041 1,802 1,609 1,774 1870 1,723 1,736 1901 2335 2483 2599 2,702 


Aicratt 2.000 1990 204 1949 1825 1810 1890 2,013 2.069 1943 1865 2219 2.761 2.767 2601 3.130 3.710 4,146 
Sci. instruments 428 443 457 438 425 508 607 647 650 633 588 580 635 654 701 729 746 771 
Chemicals’... .. 4,027 4359 4682 4984 5084 4948 4941 5425 5.886 5991 5806 6026 6770 6846 6979 7268 745° 7,646 
Motor vehicles... 2479 2443 2497 2.733 3,007 3540 4086 4371 4629 5,080 5304 5481 6093 6369 6881 7303 7632 7,973 
Othermig ..... 3.612 3586 3578 3,751 4115 55868 7065 7,415 7508 8.088 8327 8393 8979 8882 8972 9127 9158 9.236 


NOTE German data are for the former West Germany only 


‘The Organisation tor Economic Co-operation and Development's standard definition of high-technology industnes identifies six industnes with high R&D intensities (rato of R&D pertormed by industry to the value of gross 
output) This definition was established in 1986 using 1980 data OECD reviewed the R&D intensities using preliminary 1989 data which reconfirmed the industnes selected in 1986 


"Excludes communication equipment 

‘Excludes drugs and medicines 4/ 5-3 

SOURCE Organisation tor Economic Co-cpe7ation and Development. Structural Analysis (Database tor Industrial Analysis. Analytical Business Enterprise R&D tile (STAN/ANBERD) (Paris 1993) 

See figure 6-18 Science & Engineering indicators - 1993 
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Appendix table 6—11. 


R&D performance by European Community manufacturers: 1973-90 


Industry 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Millions of European currency units 

Total 

manufacturing .. 11,069 12,430 13,794 15,291 16816 19.358 23,127 26,074 29363 31,964 33,978 37,716 41,732 44665 48,022 51,805 56,126 60,565 

High-tech 

industries’... ... 4618 5174 5,789 6509 7293 8620 10344 11,689 13,078 14346 15,506 17,404 19,412 21,278 22,876 24623 26,257 28,139 
Drugs & med... . 362 400 467 592 733 816 931 995 1,146 1,302 1433 1,725 2017 2,129 2304 2,571 2866 2,984 
Office &comp.eq. 949 1,107 1,221 1,333 1,394 1,576 1,789 1,973 2,181 2379 2494 2889 3449 3800 4,130 4,163 4,032 4,113 
Elec. machines*. 1,787 2,051 2,345 2612 2928 3,634 4519 5,239 5,906 6420 6963 7,610 8287 9248 9874 10,575 11,266 12,165 
Radio, TV, & 

comm. equip... 1,262 1,342 1,457 1,631 1,858 2,151 2,596 2,907 3,246 3,612 3,992 4519 4932 5235 5654 6310 7,024 7,846 

Aircraft........ 207 218 235 246 260 312 385 438 488 512 500 544 612 715 730 810 847 832 
Sci. instrumenis . 51 56 63 94 121 132 125 137 111 121 125 118 115 151 184 194 221 200 

Chemicals* ..... 746 848 985 1,111 1,237 1502 1,784 #11,921 2,168 2479 2,723 2,911 3,165 3435 4139 4,714 5309 £6,039 

Motor vehicles... 1,751 1,872 1,955 2121 2166 2342 2877 3,338 3,755 3903 3972 4480 5100 5290 5456 5881 6815 7,609 

Othermfg ...... 3,954 4536 5,067 5550 6120 6893 8,121 9.126 10,362 11,236 11,778 12,920 14,055 14,663 15,551 16,587 17,745 18,778 


SOURCE: Organisation for Economic Co-operation and Development, Structural Analysis Database for Industrial Analysis, Analytical Business Enterprise R&D file (STAN/ANBERD) (Paris: 1993). 
‘The Organisation for Economic Co-operation and Development's standard definition of high-technology industries identifies six industries with high R&D intensities (ratio of R&D performed by industry to the value of gross 


output). This definition was established in 1986 using 1980 data. OECD reviewed the R&D intensities using preliminary 1989 data which reconfirmed the industries selected in 1986. 


2Excludes communication equipment. 


3Excludes drugs and medicines. 
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Appendix table 6—12. 


U.S. patents granted, by inventor sector, inventor residence, and year of grant: 1963-91 


Inventor sector/residence Total 1963-77 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
ea a 1.999.276 990,192 66,097 48849 61,810 65,766 57.881 56855 67,189 71,649 70,790 82863 77,809 95321 90,158 96,047 
U.S. origin, total ........ 1,278,577 715,804 41,250 30,076 37.351 39,221 33.891 32.867 38358 39550 38.088 43465 40415 50063 47,283 50,895 
U.S. corporation-owned.. 918,740 516,488 29420 21.145 25965 27.621 24081 24040 28005 28946 27,319 31,274 29269 35,734 33.359 36,074 
U.S. government-owned . 39.389 24,744 1,231 960 1,231 1,115 1,003 1,041 1,224 1,124 1,008 969 725 868 972 1,174 
U.S. individual-owned... 313,444 171,831 10,398 7,802 9.938 10,241 8,538 7,558 8,881 9,244 9454 10854 10066 12996 12499 13,144 
Foreign-owned........ 7,004 2,741 201 169 217 244 269 228 248 236 307 368 355 465 453 503 
Foreign origin, total... ... 720,699 274,388 24847 18,773 24459 26545 23990 23.988 28831 32,099 32,702 39,398 37,394 45258 42875 45,152 
U.S.-owned.......... 56,602 26976 1,961 1,364 1,694 1,839 1,715 1,658 2,028 2.266 ”.165 2.441 2,145 2,850 2,679 2,821 
Foreign-owned........ 664,097 247.412 22886 17409 22765 24706 22.275 22330 26803 29833 30,537 36.957 35.249 42408 40,196 42,331 
Foreign corporation... 549.614 193,052 18874 14445 18662 20546 18588 19.020 22989 25.718 26.226 31.978 30588 36968 35013 36,947 
Foreign government. . . 8,131 2,768 249 186 253 249 368 336 437 481 477 551 451 440 418 467 
Foreign individual... . . 106.352 51592 3,763 2,778 3,850 3,911 3,319 2.974 3,377 3,634 3,834 4.428 4.210 5,000 4.765 4.917 
Country 
Argentina .......... 590 328 21 24 18 25 18 21 20 11 17 18 16 20 17 16 
a aid. Ge 9-0: Wi 7,286 2,503 281 211 265 319 266 237 292 340 373 389 416 501 431 462 
ee 7,332 3,034 274 222 267 279 228 267 256 318 357 344 337 397 393 359 
rer 7,195 3,497 264 185 244 263 224 205 240 240 242 294 302 358 313 324 
ee 653 240 24 19 24 23 27 19 20 30 27 34 29 36 41 60 
6 ag 6 oaks 34,971 15898 1,226 862 1,081 1,135 990 1,000 1,206 1,340 1.311 1,593 1.488 1.957 1,854 2.030 
Czechoslovakia...... 2,021 1,395 91 50 55 41 50 38 33 54 35 46 33 34 39 27 
a sa oe ead 4,226 1,957 168 105 157 130 121 125 150 187 182 204 151 221 158 210 
a sé wie ein, a ic 3,515 866 125 77 121 140 125 116 167 200 210 275 232 230 303 328 
ee 60,537 27.204 2,118 1.604 2,088 2.181 1,975 1.895 2,162 2.399 2.366 2,868 2.658 3,136 2,860 3,023 
a 161,089 68936 5,874 4.546 5,780 6,302 5,467 5.477 6,322 6,717 6.850 7,881 7,349 8.341 7,590 7.657 
Hong Kong......... 576 148 21 13 27 33 18 14 24 25 30 34 41 47 52 49 
ee 1,994 585 66 63 87 98 112 106 111 108 131 127 94 129 92 85 
ee ey 374 193 14 14 4 6 4 14 12 10 18 12 14 14 23 22 
eres ees 652 203 21 10 17 17 24 18 29 30 28 38 43 65 54 55 
0 SS ee 3,480 898 99 84 113 123 114 109 162 179 188 245 237 325 299 305 
SS eae 22.041 8,935 725 596 805 883 752 625 794 919 995 1,183 1.075 1,293 1.258 1.203 
SG ee 224.551 49.700 6,912 5,250 7,124 8,387 8.149 8.792 11109 12.743 13.198 16538 16140 20116 19477 20,916 
Luxembourg ........ 467 121 16 21 13 27 26 27 24 37 31 22 29 29 17 27 
Fares re 1,444 930 24 36 41 43 35 32 42 32 37 49 44 39 32 28 
The Netherlands ..... 19,275 8,610 659 525 654 641 618 626 726 766 721 921 805 1,060 956 987 
New Zealand........ 942 290 41 23 51 47 44 38 50 33 52 68 54 58 52 41 
res 2,407 1,074 89 80 79 93 65 66 87 90 81 135 121 125 112 110 
ee eee 595 312 33 29 37 38 26 20 15 11 14 13 8 14 17 8 
South Africa ........ 2.201 907 81 64 74 111 73 61 82 96 88 107 102 135 115 105 
South Korea ........ 1,221 59 12 5 8 17 14 26 30 39 45 84 97 159 225 401 
0 Se err Te 2,215 954 92 49 65 58 49 50 69 78 97 115 126 131 129 153 
Eee 21,136 10,361 826 573 822 766 685 623 701 857 883 948 776 834 767 714 
Switzerland......... 33,969 16,734 1,330 1,025 1,265 1.239 1,147 1,017 1,174 1,233 1,209 1,373 1.245 1,361 1,284 1,333 
0 ee 3.970 104 29 38 65 80 88 65 98 174 208 343 457 592 731 898 
United Kingdom. ..... 76,338 41,558 2,722 1,909 2.406 2,475 2.134 1,931 2,271 2,495 2.408 2,777 2.581 3,093 2.783 2.795 
0 Pee 6,759 3,522 412 354 460 373 209 222 214 147 116 121 96 161 174 178 


‘German data are for the former West Germany only. 


SOURCE: Patent and Trademark Office, Patenting frends in the United States, 1963-91 (Washington, DC: Sept. 1992). 


See figures 6—19 and 6-20. 
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Appendix table 6-13. 
Patent classes most emphasized by inventors from the United States patenting in the United States: 1981 and 1991 
Activity index 

Patent class Class number 1981 1991 
Mineral offs: Processes and products... . cece eee eens 208 1.813 1.977 
rae en a 585 1.786 1.938 
SE a ee ee 166 1.747 1.777 
Chemistry—Analytical and immunological testing ....... 2... 0.2.0.0... 000002005. 436 1.340 1.523 
Food or edible material: Processes, compositions and products .................... 426 1.146 1.438 
Superconductor technology—Apparatus, material, process ....................... 505 0.000 1.434 
Error detection/correction and fault detection/recovery.......................25.. 371 1.395 1.432 
a ane ee ee tals ae baie Whee es 665004 + 9h 908 e 5 00 084 330 1.017 1.415 
Chemistry—Molecular biology and microbiology ........ 2... 2.6... eee eee 435 1.107 1.402 
Drug, bio-affecting and body treating compositions .... 2... 2... eee eee 424 1.092 1.386 
Chemistry, lignins or reaction products thereof ...................2..000 00020 eee 530 1.225 1.373 
Part of the class 520 series—synthetic resins or natural rubber..................... 521 1.114 1.371 
RN ins «a nal aie oe le a he Ce ee reek ele ds eae x dl 252 1.356 1.359 
Electrical transmission or interconnection systems. ..... 2.2... ee 307 1.216 1.359 
ee 174 1.216 1.348 
Induced nuclear reaction, systems and elements....... 2... 2.0... 00. c cee eee 376 0.787 1.344 
ESR ER ee ee 439 1.572 1.334 
Information processing system organization ............ 0.0. eee 395 1.594 1.333 
Catalyst, solid sorbent, or support therefore, product.......................205.. 502 1.593 1.331 
rmCereminy, GUBGWIGR! GYGURINS GE GOVIGSS. ccc cece e cece eee 361 1.215 1.323 
oho iit so Gk 6 ORR AON SANS 460009004 64440 251 1.207 1.317 
I EE ee eT ee ee errr rere ee ree ee ee 324 1.095 1.311 
ee he eee a Lea eh OS ERGHE SSDs. 640805 HS OOO SA 55 1.078 1.311 
GE eee ee ee ee re 375 1.222 1.308 
EE ee ee ree rere 370 1.084 1.304 
Communication, electrical: Acoustic wave systems and devices.................... 367 1.236 1.296 
EE re ee ee ee ee 1 0.944 1.289 
Envelopes, wrappers & paperboard boxes .............0.0 0.02 cc eee 229 1.638 1.280 
Process disinfecting, deodorizing, preserving or sterilizing... . 2.2... 0.0... 0000 e eee, 422 1.041 1.277 
Semiconductor device manufacturing process....... 2... 0.6. eee eee 437 1.425 1.264 
Part of the class 520 series—synthetic resins or natural rubber..................... 525 1.341 1.262 
Ee ee ee ee ee ee ee ee 455 0.989 1.259 
Part of the class 520 series—synthetic resins or naturalrubber..................... 526 1.202 1.257 
ET SP TT RET Tee ETT CL OCT TC Ce TUTTE TCETTTECTTTOTe 604 1.095 1.253 
EE EE ee eee eee ee ee ee ee ere ree 385 1.016 1.252 
CE ee ee eee eer ee eee) eee TS eer Se ee Tere ee ee ree 606 0.631 1.251 
rs ae Se eee te kes see WehdeeOe ene asda ee oka’ 501 0.967 1.247 
Part of the class 520 series—synthetic resins or natural rubber..................... 523 1.310 1.242 
Part of the class 532-570 series—organic compounds....... 2.0.0... ....000 00200 556 1.391 1.234 
I POIPOIIIIID occ tcc cee c eee wee eeseseensceeveseees 341 1.365 1.230 
EEE ee ee ee ee ee eer 165 1.074 1.217 
Part of the class 532-570 series—organic compounds... .... 2.00... 6.000020 c ecu 564 1.541 1.217 
Electrical computers and data processing systems ...... 2.0.0... ee 364 1.234 1.209 
OT EE Te eee TET ET TTT Tere 333 0.971 1.207 
ey ee ee re 427 1.122 1.205 
Communications, directive radio wave systems & devices .................200.4.5. 342 1.012 1.194 
EST TT ORT ER TRC Oe TT TEENS TERETE ETETETESTORE TESTE 1.024 1.192 
Part of the class 520 series—synthetic resins or naturalrubber..................... 524 1.339 1.191 
GPPONNS POWET GOTIBTOION GYGUBINB. 6 ccc cece cece cee eeeeeens 363 1.187 1.190 
Cleaning and liquid contact with solids ........... 0.2... 0.0 0.00004., TTT 1.102 1.177 


NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentage of all patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countries in 1991 


SOURCE: Office of Information Systems, TAF Program, Patent and Trademark Office, “Country Activity Index Report. Corporate Patenting 1991.” report prepared for 
the National Science Foundation (Washington, DC: Sept. 1992). 


See text table 6-1. Science & Engineering Indicators — 1993 
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Appendix table 6-14. 
Patent classes most emphasized by inventors from Japan patenting in the United States: 1981 and 1991 


Activity index 


Patent class Class number 1981 1991 
Dynamic information storage or retrieval...... 2... 0... ee ee eee 369 2.987 3.213 
6 55 oS epee aie hE AMEDD THO EERROEREOEEE TERED ORTH OP OREM . 354 4.319 3.192 
CE ery rrr TTT rrr ree ee rere Ss ee 355 3.257 3.142 
Dynamic magnetic information storage or retrieval....... 2... - 6. ee eee eee 360 3.122 2.912 
ee ee ee 400 1.123 2.602 
Radiation imagery chemistry—process. composition or products ................... 430 3.171 2.533 
Ce ee a ec ahd het hes hes 6040046550447 05R8 64 346 2.902 2.491 
Pictorial commmunicghon; television... . cee eee erences 358 2.443 2.474 
Static information storage and retrieval... ... 2... 2. 26 eee 365 1.657 2.432 | 
Active solid state devices, €.g., transistors, solid state diodes..................-.... 357 2.103 2.202 
ee ee he ek OA he PERT RREEE EEO N OH OTN RENTS CRRERET ER 112 1.813 2.196 
Ee. ee ee: eer eee er ee 84 1.631 2.127 
er a a sw cae ceneeeaneeneeenes 186 1.073 2.124 | 
NGS wg cece cers cece ences erereeesesereeseses 123 2.577 2.065 
EEO eee eT ere eee eee eee eT TT eee cee eT 382 1.323 2.060 
tees ee ee eee eee be eteeeeeeseenewes 74 1.525 2.032 
Electricity, motive power systems... 2. eee eee 318 1.509 1.965 
a a ee eS ee ee eee ee ee 148 2.075 1.913 
ee ee eee rere eee Te Tee er eT ee er 235 0.813 1.845 
ae ee eer ere Sree eee eT TTT ee Te eT 118 1.544 1.797 
Optics, systems (including communication) and elements ...............-5555055. 359 2.442 1.785 
Electrical generator or motor structure . eee eee 310 1.374 1.753 
rr er rrr rrr er rr re ee ee 192 1.351 1.731 
EPP e PTT TEEPE ECEEEEE TE EEE 271 1.587 1.719 
Information processing system organization .... 2... 6. eee 395 1.228 1.713 
Electrical audio signal processing and systems... .. 2... 6... ee eee 381 1.954 1.623 
Electrical computers and data processing systems .... 2.2... 364 1.575 1.547 
EEE HPP UTP ETELTLETELALI Eee ee 250 1.187 1.535 
Semiconductor device manufacturing process... .. 2... eee 437 1.549 1.528 
mes CRNTIRS Gr PUROUTORUS GPUGIES . wcrc c creer rceeens 428 1.268 1.507 
Chemistry, electrical current producing apparatus, pro... .. 2... 6... eee eee 429 0.620 1.379 
FEO TC TTT TT TTT TELE TETUCE TELE LL 372 0.795 1.354 
ET TT eT Tree ee Terre TTT T Tee Tree ee 501 2.129 1.336 
Error detection/correction and fault detection/recovery.... 2.2.0... 6 ee 371 0.857 1.322 
Part of the class 520 series—synthetic resins or natural rubber....................-. 526 1.538 1.320 
CD RD TIE GP GEIIIII . gcccec cece ese creneceess 341 1.068 1.310 
Electrical transmission or interconnection systems... . 2... 6. eee 307 1.638 1.298 
Electricity, circuit makers and breakers... ee eee 200 1.311 1.246 
Part of the class 520 series—synthetic resins or natural rubber..................... 525 1.549 1.237 
EAE reer errs? Tere Tee TEEEE LITLE EET ie ere 455 2.325 1.237 
ETT TE TTT EE TELE CPE LULL LTLETee 370 0.683 1.222 
KT Tere r rere r Troe Te eT TEE ETELETEL TT Tarek 65 0.779 1.187 
Part of the class 520 series—synthetic resins or natural rubber..................... 523 1.383 1.181 
Part of the class 520 series—synthetic resins or natural rubber..................... 524 1.265 1.177 
TTT eT Te TT Te rT rer rT TerTeTeTL errr Te eee 242 1.387 1.165 
Coating processes . bene thd oe OSU ee rhs 0a ese xé39040104940946644 000 427 1.156 1.147 
Superconductor technology: Apparatus. material, EN o 45 0 b.00.00:640 060000004682 505 0.000 1.141 
Metallurgy . hh Was @ RED EOAG RREDEEED 0:64 0065 VEEDDEDEDEEED EET 4 808 1 75 1.516 1.140 
Electric heating. . , PTT TERETE CT TTT TOTUT TCC CCT CCT TT CIT TTL os. OO 1.422 1.138 
Telephonic communications eee eee TT eTTeTeTTTerT TTT PTTeTTe Tere T TT eT? 0.660 1.137 


NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countries in 1991 


SOURCE: Oftice of Information Systems. TAF Program. Patent and Trademark Office. “Country Activity Index Report. Corporate Patenting 1991" report prepared for 
the National Science Foundation (Washington. DC: Sept. 1992) 


See text table 6-1 Science & Engineering Indicators — 1993 
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Appendix table 6--15. 
Patent classes most emphasized by inventors from Germany patenting in the United States: 1981 and 1991 

Activity index 
Patent class Class number 1981 1991 
i aah a a tae Pepys eas : Sti a ae See ais eee 101 1.275 4.684 
Ghomiete, Corer . . . ......-------: eee a fet Ue otek ae ee ee 71 1.616 3.620 
Part of the class 532-570 series—organic compounds..............-- +. see ee eee 568 1.799 3.058 
Part of the class 532-570 series—organic compounds........... 2... .-- eee ee ees 548 2.277 2.524 
Part of the class 532-570 series—organic compounds............- 6... seen ee ees 560 1.624 2.419 
Ammunition and explosives. ..... = de e-Gan & abe s be akbt KOE ONEE ES 0008 4064049 102 1.679 2.401 
a annie ack baa ke a4 siete 2k 6ONe RECON St ow Shek tee EO 384 1.679 2.213 
ne ee 242 1.099 2.088 
a ah ee AER ODES eee Ree hs 188 1.587 1.949 
Compositions, coating or plastic... cee eee eee tenes 106 1.390 1.874 
Part of the class 520 series—synthetic resins or natural rubber................----- 528 1.703 1.871 
itornal-combustion GRGinGS . . . . ccc ccc eee e eee eens enees 123 2.016 1.836 
VeMOUA GING «| ww ww ct eect eee cree eee eesesesosaees 400 1.394 1.804 
ceases ede e seme eeeeeedinge ee Reese sess ee wen ees 423 1.329 1.796 
Part of the class 520 series—synthetic resins or natural rubber.................-.-- 521 2.010 1.793 
X-ray or gamma ray systems or devices... eee 378 3.085 1.791 
Piastic article or earthenware shaping or treating: ap... ... 62 eee ees 425 1.209 1.769 
CC EO Te eT Terre TTT TTT ee errr eee 72 1.151 1.749 
Part of the class 520 series—synthetic resins or naturalrubber..................5-5 524 1.537 1.747 
Part of the class 532-570 series—organic compounds. .........-- 2... eee eee ees 556 1.259 1.656 
Part of the class 532-570 series—organic compounds........ 2... eee eee eee 564 1.263 1.649 
Part of the class 520 series—synthetic resins or naturalrubber..................4-. 525 1.056 1.618 
Clutches and power-Stop COMMON... cece eee n ene 192 1.431 1.608 
Te rrerrer rT ry errr ere ee Tere reer rrr re 60 0.763 1.569 
Chemistry, electrical and wave energy... . 6-6 eee eee ees 204 1.030 1.548 
Ghost feeding Or GOUVOTING «cect cece e eee nee enenenes 271 2.315 1.528 
Solid material comminution or disintegration... 2. 6 ees 241 0.805 1.507 
POCO TT ee TT TE TeTETT CTT TT eRe 164 0.720 1.503 
Part of the class 520 series—synthetic resins or natural rubber................5555. 523 1.176 1.480 
rrr rr rr rrr rrr Titre rrr rT Err r rere rir crs 53 1.255 1.469 
CONVOYOIS, POWOT-OTIVOR. 2. cece teen e erence ene eeeees 198 1.453 1.464 
aes IND, UND GRUDGE . wg nc tect c cece ser eeceesesesenes 296 1.269 1.449 
Drug. bio-affecting and body treating compositions .... 6.6... eee ees 514 1.655 1.423 
ESET Tr rr errr errr rrererey TT ty Terri etre ee 165 0.750 1.368 
Part of the class 532-570 series—organic compounds...... 6.6... 6. eee 549 1.243 1.362 
Electric power conversion systems... eee eee 363 0.835 1.357 
Eee err Pre rrereTerT? TEETTITEC LIT? Teer ee 417 1.132 1.331 
Fluid sprinkling, spraying and diffusing... ee eee eee 239 0.872 1.326 
pO PTT PTee ee eTeTTTT TILT Tee 403 1.061 1.312 
Plastic and nonmetallic article shaping or treating: Process ....... 2.6... cece 264 1.094 1.280 
a ee Teer rer rr reer ry rr err Tr ei eiers. +?) etter roe 83 1.155 1.269 
0 eer rer rrr: errr reer rere Tre ee errr rere ree 385 1.230 1.265 
Machine GISIOTS GYUE) PIBCTIMIUBINS. . cece cece ee enees 74 1.387 1.255 
DS oee6ess AOE KOSS WETUTTIT OPVIITITTITiTe et 112 1.865 1.245 
Cutlery. . , PTET Tree eT err ee Tree TeTTTCTETITT Te TTT TTT TTT ee 30 0.532 1.239 
Catalyst. solid sorbent. or support therefore, product................ tecseseeee. £2 0.856 1.236 
Measuring and testing + eneenes eee errr rs ieaseeresar 73 1.207 1.233 
Part of the class 532-570 series—organic compounds... ... 66. 6 eee 536 0.429 1.230 
Electricity. circuit makers and breakers. ..... VTTUTTTCITT CTL CCUT Te 200 1.003 1.228 
Part of the class 520 series—synthetic resins or naturalrubber..................55. 526 1.101 1.224 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 
inventors from that country in that year Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countnes in 1991. German 
data are tor the former West Germany only 


SOURCE Office of Information Systems. TAF Program. Patent and Trademark Office. “Country Activity Index Report. Corporate Patenting 1991. report prepared for 
the National Science Foundation (Washington. DC: Sept. 1992) 


See text table 6-1 Science & «ngineering Indicators 1993 
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Appendix table 6—16. 
Patent classes most emphasized by inventors from Canada patenting in the United States: 1981 and 1991 


Activity index 


Patent class Class number 1981 1991 
A a ee a a a iin i cd ol ei hd lena ek kha et 75 3.282 5.229 
Ne Oe a eee eee hh He 96 4s 423 2.491 3.452 
EE er 174 2.512 3.426 
Plastic article or earthenware shaping or treating: ap....................22..544.- 425 3.797 3.387 
See a. bd eas suche bs eS eden end ens 370 1.459 3.323 
Chemistry: Analytical and immunological testing ......................2..0055-. 436 0.417 2.853 
Ne dt ead ee eee e baa eh 2 602 379 5.820 2.809 
i Se ee ee AOR ENS eer ed haces 52 1.594 2.500 
ee i ee ee ene eee id dlek bee ehh Ss wbks-00608048 684 248 1.106 2.425 
I a ee ee 208 3.218 2.402 
ee i io a ed ek tte eee nk ee ees UE a6 owen ekees 2 0.597 2.280 
ER EEE Ee eae ee Err ere 166 2.082 2.245 
Chemistry, electrical current producing apparatus, product and process .............. 429 0.000 2.224 
ee eek ak snk seach ee ne Gane beeen 6400650065 414 1.238 2.219 
se de hn 8 ass owe eee heee es eenesess ces ous 134 0.938 2.173 
ok ag 6 oo 006 4 00600-6060 0:000400800868 239 0.318 1.939 
Solid material comminution or disintegration... ... 2.2... eee 241 2.698 1.917 
Pik cc eeeeks eeadeh ened ee eee VOUT TT CeCe T Tee TC eTT CTT Ce 56 1.683 1.908 
eet theta tek Cee eeee he ose hosdheeeeends ben taeagaeens 119 0.000 1.844 
a. CUE a se hehe hh 640544465 6K bdHO OES KNEE OH C00CRRS 385 4.007 1.727 
ee ie ee ed cece ed ues eeheeReken de éeenseeadus 501 2.421 1.679 
I ee errr TT Tere TT rr TT eer err ee 71 0.600 1.672 
Adhesive bonding and miscellaneous chemical manufacture ...................... 156 1.050 1.657 
i cn enna 6 oe AS Ea 606440694 O Rae OOO 0000 600008 73 1.334 1.643 
ee PCD OUD 6 ccc creer eccceseeeeeeseeeeesceseeeees 333 1.191 1.620 
I EP TT TTT ET TTT Te TT Te Ter Te Teer T yy ere 49 1.417 1.609 
Clectioiy, Circuit mrmeere Grd GVOGNOTS. 2. ccc cere cree eseseeees 200 0.000 1.596 
CO ee err ee ere Pee ee rer rer 285 0.460 1.582 
SEPP T ETT PTET CPETETTTCTETET ETE CT TC Tee TTT TTT 112 0.000 1.533 
ee er eee eer re Te rr er rer ee 210 2.157 1.519 
PT Peer e Te Tere TeeTE Tere TTT TTT Tee 363 2.913 1.512 
Part of the class 520 series—synthetic resins or natural rubber..................... 521 0.366 1.498 
Chemistry: Molecular biology and microbiology .............0.06 66 eee 435 0.000 1.477 
Plastic and nonmetallic article shaping or treating: Process ................0.00005. 264 1.002 1.461 
EE ee er ee Pre reer rey Tey ee eee er Tee ere re 219 0.597 1.430 
ETT EET TPT TT CT tT Te TREE CEE LECEUL eT TE TEEPE eee .. 165 1.712 1.412 
ccs bia dekh OER AS eHREEOROED 0 0 094508 6U 00004600 0000400004 180 0.970 1.404 
Ee ee ne ee ee ee eee 198 1.106 1.394 
ESET TTT ETTTTUTTTETOC CCC TTT CTTUCULE TT CLOT TTT TET TT CT 70 2.626 1.384 
TTS TTCCC TERE CT TTUTT TEC TTLCTERT TOL TTT UCT ETT TTT 330 0.566 1.355 
EEN TTT TTE EE TS Tt eT TPE TETEEETETCCEETT Tree Tree 384 0.000 1.328 
CHBIEIy, GHRSIREE GIN WENO GROTEY ww cece ccc c cece cseeeseeeesess 204 1.785 1.315 
EK TT LTT TTT eT ee Teer rrr TTT TTT Te rere ere rer TTT Tre 62 0.877 1.271 
EOP ET TTT SE TTT TTS eer Perr rT Tr TTT rer re Te ree Tere Ter 164 1.005 1.256 
CC Tere Te Te ee eee eres ee ee 356 1.192 1.189 
ENT TT PTC CTTET CL ee oT EOTTEEETET Te Tre TCT TTT eee 29 0.733 1.180 
TET TT TTT TTT TCT Te TT ETETETEETTLT CT CETTE CLIT eT 220 2.060 1.161 
Envelopes, wrappers and paperboard boxes... ... 6.6... eee 229 0.615 1.161 
TTP TTET TRE LT TT CULT RET TETTLLE CLC CE TET ETT’ 222 0.932 1.150 
I eee ee eee Tee ee eer errr TT err 372 1.437 1.142 


NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the pe centage of ali patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office that received at least 200 patents from all countries in 1991 


SOURCE: Office of Iintormation Systems, TAF Program, Patent and Trademark Office, “Country Activity Index Report. Corporate Pateriiing 1991,” report prepared for 
the National Science Foundation (Washington. DC: Sept. 1992). 


See text table 6-2 Sciei:ce & Engineering Indicators - 1993 
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Appendix table 6-17. 
Patent classes most emphasized by inventors from France patenting in the United States: 1981 and 1991 

Activity index 
Patent class Class number 1981 1991 
Induced nuclear reaction, systems andelements............- ........5---5-5-. 376 1.496 4.750 
Wave transmission lines and networks.......... 22 22 ee eee 333 3.082 3.193 
aa ei ee i ts on cn 4.8. wee eee eR 188 1.274 2.934 
Part of the class 532-570 series—organic compounds........................--. 564 1.053 2.910 
Part of the class 532-570 series—organic compounds......................--4-. 560 0.804 2.725 
Communications, directive radio wave systems & devices ........................ 342 1.916 2.702 
on cee eee reece sent oeedeteeseeenees 378 0.774 2.647 
i a ale os aaa tees Dae aaah arin 65 1.552 2.591 
I ew a ome D 285 1.871 2.525 
Communication, electrical: Acoustic wave systems and devices.................... 367 1.954 2.477 
Part of the class 532-570 series—organic compounds..............-..-.--+--55. 568 1.569 2.475 
ENGI EE ee ee my ere ee ee 423 1.300 2.465 
2 tke eh aaa: bake thee be ss oh ene Chee een denen eeees 235 2.173 2.302 
Electricity, circuit makers and breakers............ Se ee ee ema eR 200 0.604 2.246 
Th 960.4466 GR ROR EE 06S 000460404 Fe Nees heehee eh eek bees 244 1.609 2.092 
I tt a is bi i cs ek bbe cee eeweee 280 0.697 2.090 
Ee rr ee ee 49 0.524 2.076 
Catalyst, solid sorbent, or support therefore, product...... 2... 2... eee 502 0.883 2.069 
Part of the class 532-570 series—organic compounds........ 2... 6... eee 536 0.797 2.025 
eee eee ee ee ee 375 3.575 1.976 
Drug, bio-affecting and body treating compositions .... 2... eee 514 2.045 1.916 
Es < 6.4.04 cA Seba RE ERD Eh 0460 645.004 600 0060600504000 F008 HbR 4s 164 2.043 1.916 
Chemistry. lignins or reaction products thereof... 2... 2 eee 530 0.921 1.796 
Ee re er re er rye ee ee ere 56 1.400 1.790 
TTT ETT T ETT TTT TTT ETE TTT 208 0.357 1.690 
Process disinfecting, deodorizing, preserving or sterilizing ...... 2... ...6 0.60606 e eee 422 0.653 1.606 
Drug, bio-affecting and body treating compositions .... 2.6... eee 424 1.666 1.598 
EEK PEST TTT TT TTS TTT Te TTT TTC TEE eT Te TTT Tey 148 1.060 1.576 
Electricity, electrical systems and devices... . 2... eee ee 361 0.646 1.543 
Electric lamp and discharge Gevices..... 0.2... ee jaweennet 313 6.503 1.496 
Part of the class 520 series—synthetic resins or natural rubber..................... 526 1.363 1.470 
A ey ee er ee ee re ee ee eee 370 3.505 1.448 
EEE PS TEE TT Tee TT TT eer Ter TT rer TTT TT Tere Ter 330 1.255 1.431 
ee ee ee ee Te eee ee ee ee ee ee eee 297 1.273 1.430 
Error detection/correction and fault detection/recovery..... 2... eee 371 0.827 1.406 
Prothesis (i.e., artificial body members), parts or aid 2... eee 623 1.277 1.378 
Part of the class 520 series—synthetic resins or natural rubber..................5.. 528 1.106 1.363 
I is 6 ve Wb 4 WO 080 0 686605 4 0060008 048000 0 8888 318 0.819 1.359 
Electric lamp and discharge devices, systems... 6. ee 315 1.583 1.353 
ED, 6 6k 0 06600006806 b60s 00 eRe OREOHCE CCE ES 341 1.427 1.312 
EE ee ee ee ee er ee eee a ee eee 403 1.011 1.310 
EE ee ee eee ee ee Pe ee ee ee 192 0.359 1.304 
EE ee TT ere or ee ee er eee ee TT 356 1.058 1.302 
Adhesive bonding and miscellaneous chemical manufacture .................0..05.5. 156 0.949 1.296 
EMA Pewee r rr rer rrr errr y erry Te rey Te rrr re re ee 51 1.062 1.295 
SSUES GUPURUEEET GT GUTBT GUID... etc ee creer eaeaceceees 310 1.193 1.264 
ET EET ST PELTT CRETE ES CTCL ERTTEETOREET UCL CTT TTT 60 1.221 1.262 
ETT TEPETTECE TT. CLC ECCRTETERET TP TE CTT TE Tee 252 1.159 1.252 
I Te Te Te TTT Tee TT LET PEAT URETE ELLE 53 0.883 1.248 
Part of the class 532-570 series—-organic compounds............. verre errrrs 549 1.872 1.246 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 


inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that receive’ at ieast 200 patents from all countries in 1991 


SOURCE: Office of Information Systems, TAF Program, Patent and Trademark Office. “Country Activity Intex Report. Corporate Patenting 1991." report prepared for 


the National Science Foundation (Washington. DC: Sept. 1992) 
See text table 6-2. 
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Appendix table 6-18. 
Patent classes most emphasized by inventors from Great Britain patenting in the United States: 1981 and 1991 
Activity index 
Patent class Class number 1981 1991 
Drug, bio-affecting and body treating compositions .....................2022505. 514 2.899 2.988 
EEE A ey a ee ee 403 1.926 2.702 
Rs ee te Cees Bee a abn oe» bale ae aoe 71 1.798 2.698 
i ae ee od i hee ck heise eee hee a aes 228 1.370 2.416 
ce eke oes 2 oe ke ARR ach ES ee AS SOREOE TES 6 SA ROE 385 1.254 2.388 
el ae ee a OR Ne eee ks cb bd 69 Oe a ae eee ae Oe 244 0.511 2.158 
Part of the class 532-570 series—organic compounds.....................2-245. 548 1.302 2.042 
EE IE RE ee 375 1.376 2.038 
Drug, bio-affecting and body treating compositions ............... 2.20.60 c eee ee 424 2.302 2.007 
Serb itere Ce eee ae es ood ek es been 6 ne W ae eee OOoas 166 0.559 1.976 
i ee tee eRe ORM tribe we heed 644 SORE kd aS C4 0S OSS 6% 188 2.003 1.958 
es is os as ein a eek wees cake Eee de een Se S604K8 198 2.193 1.928 
i a ag a ee ee tas eee a See Ne antes 65 1.075 1.909 
SERRE REE ae ee A ee eee ee ee eee ee re 252 1.839 1.901 
Communications, directive radio wave systems & devices ...................004.5. 342 1.390 1.900 
ei Sd OEE eee beaker ecb eek hee be Ws oees 33 0.550 1.897 
ES ree eT Tere ee ee ee eT eee 358 1.219 1.812 
Er ee rrr 285 1.296 1.685 | 
i eek hia a 6s bg 4b be De eeRe hae N Needs bebes 405 1.452 1.664 
Catalyst, solid sorbent, or support therefore, product... ... 2... 6... eee 502 1.047 1.622 
«hs their ieences hdhabe duende ees 426000 64000069068 84606 219 1.121 1.616 
Part of the class 532-570 series—organic compounds... .... 6... 6.6.6 eee eee 549 0.969 1.607 
EE OT Terr ey err rrr TT Tyre erere Try TTT TT Tere 75 0.881 1.558 
Chemistry, electrical current producing apparatus, product and process .............. 429 0.868 1.538 
ERE eS re rar rr err ye errr yer tr eee ee 60 1.724 1.532 
EE CO Ye ee eee ee eee eee Pee ee ee eee 271 0.467 1.403 
EE CT Te errr err TT eee Ty eee Te eee eee 73 0.974 1.383 
ES ESOT TTT oe ee EET TEE EET CPE CPETTETTeTTy 106 1.562 1.355 
EFT T EY OTe rT TTT TT rt See ee eT PEELE PPLE TTT eTere 417 2.283 1.353 
Part of the class 520 series—-synthetic resins or natural rubber..................4.. 523 1.079 1.347 
hci pthes heheheh Chae Oe Wb 0006 6004640960 0046600 HS 72 1.372 1.341 
Part of the class 532-570 series—organic compounds... ... 6.6... eee 555 1.376 1.340 
Electric lamp and discharge devices, systeMS.. eee 315 1.340 1.309 
ENE EO TTS TT CTT Te TT TT TS CITT CT TTLEPTERTTPTTTTTTTe 30 0.558 1.286 
Ee eee ee ee eee er ee ee 356 1 343 1.279 
POTEET TTT TT TT TUT TUTETTCCTTCT TLC LITT TTrT eT 423 1.468 1.235 
Optics, systems (including communication) and elements ...........0.0.0 600000005. 359 0.618 1.231 
PTT TTT TT TETITTTCL IT iiTe err eee 341 0.302 1.218 
nse sos 5 6H bk ea Oe.) 6 bade) bbb eb sabes 6a deeb 340 1.486 1.195 
MTT ET SET E TT TT eT eTT TT PTeTTT TTT T TT TTT E LTT 427 0.998 1.193 
i <i. rbe eh bo hb bs ebh506 eds ed NOee ea ROSd 4 000.0644540008bh60000008 235 0.460 1.187 
i . -cheveeer eh sde64ssi eb he beeGeRated shane nbseseceenvesensenes 604 0.427 1.180 
EE ee er eee rT ae St oT eer TT TTT rere eee Pr eT Te Te 70 0.411 1.172 
Part of the class 532-570 series—organic compounds... 6. ee 564 0.764 1.167 
i+ peice eee ckkeeeeeG cd ees eeensvarstesedeceseseenenn 250 1.724 1.165 
Chemistry: Molecular biology and microbiology...................... TTT 0.677 1.152 
ES ETT TTT TTC ETITTERT eT CETL Teriers. 52 0 §54 1.152 
Amplifiers. . Sethhieys > eeUe eed bas ees CNte se 4008 00s bee eebens 330 0.886 1.148 
Se, MUG . ccc ccc cceccccccsctencccecescecesccs§«=6M 1.257 1.131 
i + 66s 6a eter tbhe odes ee ssnessheeek Cheeses cea 324 1.313 1.115 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countries in 1991 


SOURCE. Office of information Systems. TAF Program. Patent and Trademark Office. “Country Activity Index Report. Corporate Patenting 1991." report prepared for 
the Nationa! Science Foundation (Washington. DC Sept. 1992) 


See text table 6-2 Science & Engineering Indicators — 1993 


Appendix table 6-19. 
Patent classes most emphasized by inventors from Taiwan patenting in the United States: 1981 and 1991 
Activity index 

Patent class Class number 1981 1991 
id ellie li Ri aes iii ies « cbt pee eeeen ene bakin 70 0.000 9.401 
Superconductor technology: Apparatus, material, process ........................ 505 0.000 9.401 
a ae ao eit ak dae + Seek Chaat’ baw eed a ckkee ken s ake 292 0.000 8.735 
ee oi hee eee aes ceed adak 6 aeanee ele 75 31.320 8.197 
Amusement and exercising devices ..... 2... eee eee 272 0.000 8.062 
Semiconductor device manufacturing process...... 2... 2. eee 437 0.000 7.093 
ee ee neh eee eeeneee eens ewes 174 0.000 5.818 
a nn ea eee e thee ee neat eeeenat nee 200 0.000 5.420 
Error detection/correction and fault detection/recovery....... 2... 2... eee ee eee 371 0.000 5.089 
Teen ee a eaten eee 66s. e Reb hhssebeeen nee enss 439 0.000 4.721 
Brushing, scrubbing and general cleaning... ...... 2... 2 eens 15 0.000 4.572 
Ra a an A eC SR en a DE” 72 19.517 4.345 
ee eS ee tee eee es bhesse beeemenes ae 362 0.000 4.342 
De ee ee eke kee hen heeebuhhbhes bake nedenenen 379 0.000 4.089 
tiie. eesG tie ad delle eben chek be de hebeesebbee anes Kae 417 0.000 4.069 
Plastic article or earthenware shaping or treating: ap... =... eee eee 425 0.000 3.834 
CE EE ne eee er eee 341 0.000 3.799 
eee od ech eeu en ees ees seeencedebeeneeness 1 0.000 3.571 
No os 65644 654.0 CON 6066000005 5OR RECON SA 375 0.000 3.179 
Fale OS EER A ee eee en er ee eee 248 0.000 3.138 
ne... se chased Ce ake ch abehe Cakes 0660) 640 ek bees ReNeeRse 242 0.000 3.073 
a che ek k eka dee ibs 64k 00448 0040604 CCRC eREREERS 423 9.787 3.059 
TTT TTT ET TT PPT TT irr TTT Tr TT Tre Te 49 0.000 2.732 
ech ed eke ahha de henes O60 6040650 640 0RR ROE ERE 126 0.000 2.732 
es ccc ced edeb es 66-000 000404060640 deeb eedeheeese 446 28.350 2.732 
ETT Oe Tee eee Tee Tee TEE TTTTETTT ETT PTT TTT Tree TT 81 0.000 2.654 
Te Te rer rT re TTT rer Te TT TT Tee er TT 363 0.000 2.568 
EE ee a rr rn ery Perey Sree ere T 188 0.000 2.499 
CC eee eT Perr TT eT TT Tre rrr ey TT eee Tee TT 228 0.000 2.422 
EE ee ee ee ee eee eee 340 10.229 2.396 
Ee ry ee ee ee ee re 211 0.000 2.360 
Pe GC CDGIIIIIIED 5 cc ccccccsccceeecccesceeeeseeeeceeces 43 0.000 2.201 
Part of the class 520 series—synthetic resins or natural rubber.................4... 523 0.000 2.101 
Part of the class 520 series—synthetic resins or natural rubber................00044. 525 0.000 2.075 
FS ree er a ee ere eee re rr re er Te 297 0.000 2.070 
POPC FTTTT TET TULTTOCTTTTTTT TTT TCT 208 0.000 2.039 
Electrical audio signal processing and systems...... 2. 2 cece 381 0.000 1.887 
Radiation imagery chemistry—process, composition or products ...............4... 430 0.000 1.850 
6 ko 6 666 6006046060 660.6 0000066006000 006 74 0.000 1.781 
Part of the class 532-570 series—organic compounds... eee 568 0.000 1.558 
PD CGUDGIIIED oo cc ccccccccccccccsecescceceseeeeeses 239 0.000 1.464 
eck s hk hes 66) 66446664 444084 6505665 5 60S NORE REE 501 0.000 1.426 
EE FET OTP OT ETT TT ETE TPT TT TTT Te TT eee 273 0.000 1.406 
MT TT TTT ETT ETT TT TTT Terr rrrrrerrrTrrr rT cr? Tree 53 0.000 1.390 
VET TTL TT TT Te TEE TTT TTT Te PEPE PPPTETT TTT eT eT TTT 220 0.000 1.314 
TTS TTT CCT TET T ETT TET T CT CTT CT Tee 318 0.000 1.311 
Electric lamp and discharge devices, systems...... 2. cee 315 0.000 1.224 
Dynamic WSTNEMON GIBTERD OF POWIOVED. ccc ccc cece cee eeceens 369 0.000 1.175 
I, oo ccc ccveceeeccecescseccecceseeeeeees 365 0.000 1.170 
OT TT Te eee Tee eT ee Te re Tee re 310 0.000 1.144 


NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentage of all patents that have 
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countries in 1991 


SOURCE: Office of information Systems, TAF Program, Patent and Trademark Office, “Country Activity Index Report, Corporate Patenting 1991.” report prepared for 
the National Science Foundation (Washington, DC: Sept. 1992). 


See text table 6-3. Science & Engineering indicators - 1993 
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Appendix tabie 6-20. 
Patent classes mos! emphasized by inventors from South Korea patenting in the United States: 1981 and 1991 
Activity ote « 
Patent class Class number 1981 1991 
Electric lamp and discharge devices 313 0.000 21.374 
Semiconductor device manufacturing process 437 0.000 10.194 
Static information storage and retrieval . 365 0 000 9010 
Telephonic communications - 379 0.000 6.995 
Pictorial communication: television . 358 0.000 6.528 
Electrical transmission or interconnection systems. . 307 0.000 6.517 
Dynamic magnetic information storage or retrieval 360 0.000 6.131 
Puise or digital communications......... ; 375 0.000 4079 
Electric heating. .. . Paid 219 0.000 3.741 
Gas separation. 55 0.000 3.726 
ee Sa aes Ros a a ae 235 0.000 3.666 
Joints and connections. ....... PEE ee re Tee 493 0.000 3.650 
Multiplex communications .. _ _ . 370 0 000 3.310 
Electric lamp and discharge devices. systems. . . 315 0.000 3.142 
Active solid state devices. e.g.. transistors. solid state diodes 357 0.000 2.659 
Error detection correction and fault detection/recovery _— 371 0.000 2.612 
Sheet feeding or delivering... ... ©... eee, 271 0.000 2.527 
Metal fusion bonding. caine 228 0.000 2 486 
Refrigeration ....... 62 0.000 2.463 
Winding and reeling 242 0.000 2.366 
ee et" 455 0.000 2.260 
Part of the class 520 series—synthetic resins or natural rubber = 528 25.612 1.947 
Electrical audio signal processing andsystems............ 381 0.000 1.937 
X-ray Or gamma ray systems or devices... rere rey 378 0.000 1.873 
Optics. systems (including communication) and elements. ee: 359 0.000 1.867 
Dynamic information storage or retrieval................... 369 0.000 1.810 
Metal treatment . ae ee 148 0.000 1.802 
Typewriting machines bevwake 400 0.000 1.752 
Electricity. electrical systems and devices bone ea 361 0.000 1.496 
ee ee ee te kh ee ee eee eekbsees eens 501 0.000 1.464 
Metallurgy... ...... Pe yrerer cick in beh ke eweeeiess’ hewn 75 2 900 1.402 
Stoves andfurnaces.......... PUT Ee) SOOT TET eT re ee ee eee eee 126 0.000 1.402 
Amusement devices. toys (obeeeeeds + 640 bake eet «ed oka: Oe 0.000 1.402 
Land vehicle............ eeneae hese ed ease sé.v ae basen tebe 280 0.000 1.380 
ee eee Sy Pee ee eer ere Te eee Ter TT ee re Fe ere 81 0.000 1.362 
Electricity, motive power systems weer rTr rc TTT re yr TTT 318 0.000 1.346 
Part of the class 532-570 series—organic compounds TTT CCTTTTTTTeer e e 560 0.000 1.265 
Chemistry: Analytical and immunological testing... 6 ee 436 0.000 1.243 
Communications, electrical. ...... STV T TTT TT err Tee Tre 340 0.000 1.230 
Part of the class 532-570 series—organic compounds ae ies sot Oia ae ede 556 0.000 1.206 
ETL TE TT TET TUTTE TLE T CLUTTER ET TITeTTrTyT 330 0.000 1.181 
nS rcs ee b0 ews. 6 CUeSe es ROSES EON KEES OR 427 0.600 1.172 
Part of the class 520 series—synthetic resins or natural rubber 523 . 300 1.078 
Chairs and seats 297 00 1.062 
Special receptacle or package 206 9°00 1.001 
Coded data generation or conversion 341 0.000 09°75 
Electricity. circuit makers and breakers 200 0.000 0.927 
Animal husbandry 119 0.000 0.918 
Machine elements and mechanisms 74 0.000 0.914 
Amusement devices. games 273 0.000 0.722 


NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have 


inventors from that country in that year Listing is lwnited to Patent and Trademark Office classes that received at least 200 patents trom all countnes in 1991 
SOURCE Office of information Systems. TAF Program. Patent and Trademark Office. for the National Science Foundation (Wastungton DC Sept 1992) 


See tert table 6-3 
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Appendix table 6-21. 
Patents granted in selected countries, by residence of inventor: 1985-90 
(page 1 of 2) 
Patents to Residence of inventor 
Total nonresidents a; United West United Former 
Granting country patents percent of tota! States Japan Germany France Kingdom Italy Sweden India Soviet Union Other 
1985 
Percentage of nonresident patents 
ts. 6c s owe 50,100 15.5 464 0.0 196 64 54 15 23 0.0 14 17.0 
West Germany ...... 33,377 60.4 29.2 23.9 0.0 12.4 67 28 28 0.0 17 205 
Ee aan oe oi 37,530 73.8 274 15.8 25.9 0.0 59 41 24 0.0 13 17.0 
United Kingdom... . . . 34,480 82.3 28.6 20.8 20.9 84 0.0 29 22 0.0 06 15.6 
3S ee 47.924 79.0 6.1 23 8.0 42 2.0 0.0 04 0.0 0.0 77.0 
th + kicexseee< 18,697 92.8 548 11.7 88 5.6 5.3 15 18 0.0 04 10.0 
Mexisd......... 1,374 93.4 56.3 6.6 76 7.0 40 26 15 0.0 05 14.0 
|e 3.934 846 37.0 73 20.7 99 40 46 28 0.0 04 13.3 
South Korea........ 2.268 846 30.4 42.3 62 54 3.5 18 14 0.0 0.0 91 
Soviet Union........ 74,745 2.0 13.7 84 16.9 8.2 3.1 39 2.7 0.0 0.0 42.9 
er 1,814 76.2 33.5 64 11.2 8.1 10.1 34 1.3 0.0 3.0 23.0 
1986 
Piinebotens «6s 59,900 144 46.1 0.0 20.0 6.7 5.3 2.0 22 0.0 14 16.3 
West Germany ...... 38,995 60.6 30.6 24.1 0.0 11.6 68 28 29 0.0 11 20.1 
RE ee 35,549 73.7 278 17.1 25.4 0.0 62 3.8 23 0.0 0.7 16.7 
United Kingdom... .. . 32,929 83.6 28.7 19.9 216 8.3 0.0 28 22 0.0 04 16.1 
re 52,493 23.9 24.9 82 28.4 13.8 74 0.0 1.5 0.0 0.0 15.8 
Dk agivenagn 17,550 92.2 56.0 12.2 79 5.2 53 18 18 0.0 0.2 96 
0 Ee 1,222 96.2 613 5.6 76 6.6 3.2 25 13 0.1 0.3 115 
0 ee 2.935 849 38.2 9.6 18.8 72 35 43 2.7 0.0 02 15.4 
South Korea ........ 1,894 75.8 25.4 58.6 0.9 3.1 22 17 08 0.1 0.0 8.1 
Soviet Union........ 79,367 16 144 7.3 17.4 96 5.0 34 3.8 0.0 0.0 39.1 
DHS ona ss obese é 1,994 75.2 32.3 76 6.3 6.5 14.7 45 18 0.0 28 23.5 
1987 
Pe 62,400 13.3 46.0 0.0 19.8 7.3 49 25 2.1 0.0 16 15.8 
West Germany ...... 39,897 59.4 29.2 25.4 0.0 11.2 64 3.2 3.1 0.0 13 20.3 
ee 30,413 72.0 26.0 16.9 26.3 0.0 6.1 42 26 0.0 08 17.2 
United Kingdom. . 28,659 83.9 276 20.1 22.0 9.1 0.0 28 24 0.0 0.4 15.6 
isiciectecasec 11,550 99.0 23.0 8.7 28.3 14.6 7.0 0.0 2.1 0.0 0.0 16.4 
a 14,649 92.6 543 11.6 8.9 5.2 5.6 1.6 2.0 0.0 0.2 10.6 
PT eee 1,406 946 545 74 8.2 6.8 3.6 3.4 14 0.0 0.5 143 
PTO TTT eT 2,184 86.8 38.9 73 17.9 9.4 3.9 43 24 0.0 05 15.4 
South Korea........ 2.330 744 27.2 55.9 34 1.9 1.0 18 12 0.0 0.0 76 
Soviet Union........ 85,018 16 13.8 8.3 16.8 8.5 3.8 5.3 3.7 0.1 0.0 39.8 
Di tehdes eneeecd 2,027 73.1 37.4 58 9.1 8.0 11.6 3.2 2.0 0.0 16 212 
(continued) 


soqe, xipueddy ‘y xipueddy 


Appendix table 6-21. 
Patents granted in selected countries, by residence of inventor: 1985-90 
(page 2 of 2) 


Residence of inventor 


Patents to . tii aaa Sa aan = 
Total nonresidents as Unitec West United Former 

Granting country patents percent of total States Japan Germany France Kingdom Italy Sweden India Soviet Union Other 

1988 

Percentage of nonresident patents 

re 55,300 13.4 43.7 0.0 21.8 7.3 5.0 2.2 2.0 0.0 1.5 16.5 
West Germany ...... 38,890 59.6 27.9 26.0 0.0 12.0 6.8 3.2 2.8 0.0 0.9 20.3 
a 31,956 72.4 25.0 17.2 27.5 0.0 6.0 4.0 2.2 0.0 0.7 17.3 
United Kingdom. ..... 29,564 85.0 25.5 20.0 23.0 9.7 0.0 3.0 2.1 0.0 0.3 16.3 
Se 25,195 88.9 12.8 5.3 17.6 8.6 4.2 0.0 1.1 0.0 0.0 50.3 
eee 16,813 93.0 55.0 12.8 8.6 4.7 5.1 1.6 1.9 0.0 0.2 10.1 
Ee 3,411 92.0 58.0 6.3 7.7 7.0 3.0 3.2 2.0 0.0 0.2 12.5 
aie sata a dng 3,040 84.0 41.2 6.5 16.1 8.8 7.7 46 2.2 0.0 0.4 12.5 
South Korea ........ 2,174 73.6 29.0 47.7 6.0 3.6 3.3 1.8 0.9 0.0 0.0 7.8 
Soviet Union........ 83,983 1.6 12.7 9.2 22.2 6.4 43 3.2 3.2 0.2 0.0 38.6 
A Gi eeein dhe Bed 3,454 75.1 35.9 6.1 11.3 9.1 11.5 2.2 2.1 0.0 2.9 18.9 

1989 
ee 63,301 13.5 44.4 0.0 21.2 7.6 5.0 2.2 2.3 0.0 1.3 16.0 
West Germany ...... 42,233 60.0 28.2 27.2 0.0 10.9 6.5 3.5 2.8 0.0 0.9 20.0 
ee 32,879 74.8 24.9 17.5 27.8 0.0 6.0 44 2.2 0.0 0.5 16.7 
United Kingdom... ... 30,897 86.3 25.7 20.4 23.2 9.1 0.0 3.2 2.1 0.0 0.3 16.0 
FS ves 15,832 98.7 22.8 9.1 29.4 12.9 6.7 0.0 2.4 0.0 0.0 16.7 
eer ee 16,299 93.4 52.9 13.7 8.6 6.1 5.7 1.8 1.7 0.0 0.2 9.4 
eee 2,268 91.0 63.1 4.5 78 6.0 2.8 3.5 1.4 0.0 0.7 10.3 
Oe eer eT 3,510 86.5 41.2 5.2 16.2 9.1 10.0 4.3 2.2 0.0 0.6 11.1 
South Korea ........ 3,972 70.3 30.7 50.6 5.1 3.0 3.0 0.9 0.8 0.0 0.0 6.0 
Soviet Union........ 84,577 1.5 13.6 8.3 19.5 7.0 4.1 48 1.9 0.0 0.0 40.8 
ere 1,986 78.0 35.4 6.8 14.0 7.2 7.3 2.8 1.7 0.0 5.0 19.6 

1990 
0 ee ee 59,401 15.2 45.5 0.0 21.3 7.7 5.1 2.4 2.4 0.0 1.1 14.4 
West Germany ...... 42,860 61.2 27.8 28.4 0.0 10.8 6.5 3.7 2.7 0.0 0.7 19.3 
ee 35,149 74.6 24.9 18.2 26.9 0.0 6.0 4.2 2.2 0.0 0.6 17.0 
United Kingdom. ..... 32,179 86.4 25.6 20.8 22.8 9.1 0.0 3.2 2.0 0.0 0.4 15.9 
0 errr ss ere 17,794 98.7 23.7 9.4 28.5 12.4 6.8 0.0 2.4 0.0 0.1 16.7 
Ks he eedeees 14,187 92.2 52.2 13.7 8.3 6.0 5.4 2.0 1.8 0.0 0.3 10.3 
errr 1,752 92.0 63.4 5.4 7.3 5.1 3.2 2.4 0.8 0.1 0.2 12.2 
rrr rere 3,355 86.5 41.4 6.6 16.1 9.4 7.4 4.4 2.3 0.0 0.7 11.8 
South Korea ........ 7,762 67.1 23.0 66.7 2.5 1.8 0.8 1.1 0.3 0.0 0.0 3.8 
Soviet Union........ 84,658 1.4 12.0 8.1 18.8 7.8 3.6 6.7 3.8 0.0 0.0 39.2 
PPP rrr rere 1,611 81.0 35.3 9.3 14.6 6.2 78 3.1 1.2 0.0 3.4 19.1 


SOURCE: World Intellectual Property Organization, “Industrial Property Statistics” (Geneva, Switzerland: 1985-90). 


See figures 6—21 and 6-22. UN, va 
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Appendix A. Appendix Tables 


Appendix table 6—22. 
Number of international patent families in robot technology, by year of patent application 
and priority country: 1980-90 


Priority country 

United West Great East South 

Total States Japan Germany Britain France Germany Korea 
Total......... 3,264 761 1,280 561 197 398 56 10 
Sa 117 21 52 26 - 14 0 NA 
ee 152 31 41 26 15 28 10 NA 
a 219 52 114 26 15 12 0 NA 
a hia ack al 301 88 109 52 16 26 10 NA 
een 333 57 145 79 28 24 0 0 
aa 356 88 124 63 25 50 5 0 
382 109 145 63 14 46 5 0 
Pe 371 78 161 58 26 42 5 2 
ee 428 98 150 68 19 76 15 0 
a ae 308 67 109 58 22 42 5 5 
ee 298 72 130 42 13 38 0 3 


NA = not available 


NOTES: An international patent family is created when patent protection is sought outside of the priority country. Data are estimated from stratified 
random sampling of database records. 


SOURCE: World Patents index database (London: Derwent Publications, LTD), special tabylations by Mogee Research & Analysis Associates 
under contract to the National Science Foundation. 


See figure 6-23. Science & Engineering Indicators - 1993 

Appendix table 6—23. 

Patent families, highly cited families, and citation ratios for robot technology, by priority country: 1981-90 

Number of Country Country 
Number of highly cited share of share of Citation 
Priority country families families' total highly cited ratio? 
1981-85 period 

ee 3,891 53 100.0 100.0 1.0 
United States......... 745 5 19.1 9.6 0.5 
A eerer 1,606 36 41.3 67.5 1.6 
West Germany........ 472 5 12.1 9.8 0.8 
Great Britain.......... 172 1 4.4 1.9 0.4 
ee 266 6 6.8 11.2 1.6 
EastGermany ........ 612 0 15.7 0.0 0.0 
South Korea.......... 18 0 0.5 0.0 0.0 

1986-90 period 

er 5,539 64 100.0 100.0 1.0 
United States......... 1,061 26 19.2 40.5 2.1 
eee eae hie 2,533 26 45.7 40.5 0.9 
West Germany........ 803 5 14.5 8.2 0.6 
Great Britain.......... 148 1 2.7 1.6 0.6 
ee 425 6 7.7 9.4 1.2 
East Germany ........ 546 0 9.9 0.0 0.0 
South Korea.......... 23 0 0.4 0.0 0.0 


‘A patent family was considered highly cited if the number of citations it received ranked it within the top 1 percent compared with all other robot 
technology patent families. 


2A citation ratio of greater than 1.0 indicates that a country has a higher share of highly cited patent families than would be expected based on its 
share of total families. 


SOURCE: World Patents Index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associates 
under contract to the National Science Foundation. 


See text table 6—5. Science & Engineering indicators - 1993 
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Appendix table 6—24. 
Number of international patent families in genetic engineering, by year of patent application 
and priority country: 1980-90 
Priority country 

United West Great East South 
Total States Japan Germany Britain France Germany Korea 
ee 2,415 1,392 489 197 230 95 6 6 
SE 25 18 3 0 4 0 0 0 
ia} 48 21 17 3 6 1 0 0 
RENE 87 64 8 4 10 1 0 0 
re 129 73 36 5 12 2 1 0 
SS dewewwens 185 109 52 g 11 3 1 0 
229 141 51 16 16 5 0 0 
A 206 97 57 17 20 11 1 3 
ae 212 124 41 22 15 g 0 1 
arr 370 206 59 39 46 17 2 1 
ere 483 273 85 43 54 26 1 1 
a Fe 441 266 80 39 36 20 0 0 


NOTES: An international patent family is created when patent protection is sought outside of the priority country. Data are estimated from 
Stratified random sampie of database records. 


SOURCE: World Patents Index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associates 
under contract to the National Science Foundation. 


See figure 6-24. Science & Engineering indicators ~ 1993 

Appendix table 6-25. 

Patent families, highly cited families, and citation ratios for genetic engineering, 

by priority country: 1981-90 

Number of Country Country 
Number of highly cited share of share of Citation 
Priority country families families’ total highly cited ratio? 
— —Percent a 
1981-85 period 

PPT Taree 1,036 11 100.0 100.0 1.0 
United States......... 530 8 51.2 72.7 1.4 
ree ee 373 2 36.0 18.2 0.5 
West Germany........ 40 0 3.9 0.0 0.0 
Great Britain.......... 57 1 5.5 9.1 1.7 
Niche kewen @o04 17 0 1.6 0.0 0.0 
East Germany ........ 19 0 1.8 98 0.8 
South Korea.......... NA NA NA NA NA 

1986-90 period 

PR eitendeats eeews 3,020 35 100.0 100.0 1.0 
United States......... 1,125 23 37.3 65.7 1.8 
C—O er ree 1,317 6 43.6 17.1 0.4 
West Germany........ 196 0 6.5 0.0 0.0 
Great Britain.......... 184 5 6.1 14.3 2.3 
Tere Te Te 99 1 3.3 2.9 0.9 
EastGermany ........ 64 0 2.1 0.0 0.0 
South Korea.......... 35 0 1.2 0.0 0.0 


NA = not available 


‘A patent family was considered highly cited if the number of citations it received ranked it within the top 1 percent compared with all other genetic 
engineering patent families. 


2A citation ratio of greater than 1.0 indicates that a country has a higher share of highly cited patent families than would be expected based on its 
share of total families. 


SOURCE: World Patents Index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associates 
under contract to the National Science Foundation. 


See text table 6-8. Science & Engineering Indicators - 1993 
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Appendix table 6—26. 
Number of international patent families in optical fiber technology, by year of patent application 
and priority country: 1980-90 
Priority country 
United West Great East South 

Total States Japan Germany Britain France Germany Korea 
ier 1,872 559 684 315 165 133 10 6 
ee 61 23 14 10 5 9 0 NA 
ae 95 32 39 10 9 5 0 NA 
Se 104 37 42 12 6 7 0 NA 
es 114 35 39 22 11 6 0 1 
ee 145 37 69 17 12 8 0 2 
ee 195 46 72 ad 22 10 1 0 
a 176 51 67 34 17 6 1 0 
Ph cveedess 236 59 102 35 15 20 5 0 
a 251 71 81 48 30 20 1 0 
rer 234 83 74 38 19 16 2 2 
261 85 85 45 19 26 0 1 


NA = not available 


NOTES: An international! patent family is created when patent protection is sought outside of the priority country. Data are estimated from stratified 
random sample of database records. 


SOURCE: World Patents Index database (London: Derwent Publications, LTD). special! tabulations by Mogee Research & Analysis Associates under 
contract to the National Science Foundation. 


See figure 6-25. Science & Engineering Indicators — 1993 

Appendix table 6-27. 

Patent families, highly cited families, and citation ratios for optical fiber technology, 

by priority country: 1981-90 

Number Country 
Number of of highly cited Country share share of Citation 
Priority country families families! of total highly cited ratio® 
Percent 
1981-85 period 

PPT ECTLCTELVTeTres 2,043 22 100.0 100.0 1.0 
ee re 368 8 18.0 36.4 2.0 
EY STP TT eer ee eee ee 1,299 12 63.6 54.5 0.9 
 . 6c vekadaneeean 175 1 8.6 45 0.5 
Ds :sebedeaedwasess 95 1 4.7 45 1.0 
 — FPPOTTIT TTT LT TT eee 66 0 3.2 0.0 0.0 
eS ave 6-0 66h 400008 37 0 1.8 0.0 0.0 
CTT TTT TT EE 3 0 0.1 0.0 0.0 

1986-90 period 

Cs i565 600 66004400404008005 4,717 79 100.0 100.0 1.0 
DD . 6+60cedeeeiseeen 718 31 15.2 39.2 2.6 
ARH. 0.0 oHeseeweeeeias 3,245 25 68.8 31.6 0.5 
West Germany ................ 389 7 8.2 8.9 1.1 
DOG. ... cébbceeeasheee 169 10 3.6 12.7 3.5 
RP re rere 125 6 2.6 7.6 2.9 
, oveeeeaeneeee enn 66 0 1.4 0.0 0.0 
Rs 6 ish bk eh oe de oo 5 0 0.1 0.0 0.0 


1” patent family was considered highly cited if the number of citations it received ranked it within the top 1 percent compared with all other optica! fiber 
technology patent families 


24 citation ratio of greater than 1.0 indicates that a country has a higher share of highly cited patent families than would be expected based on its 
share of total families 


SOURCE: World Patents Index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysis Associates under 
contract to the National Science Foundation 


See text table 6-11. Science & Engineering Indicators - 1993 


Appendix table 6-28. 
High-tech companies formed in the United States: 1980—93 


% 

® 

All high- Computer Advanced Photonics Electronic Telecom- Other Re 

Period formed tech fields Automation _ Biotechnology hardware materials & optics Software components munications fields’ 2 

Number of companies > 

Total, all years......... 22,728 1,534 558 2,176 869 823 5,644 2,611 1,267 7,246 3 
vs) 
See 10,957 490 358 1,253 243 296 3,395 807 593 3,522 = 

is ne eegkaame 5,659 315 178 683 137 171 2,026 453 324 1,372 5 

ee 4.660 150 150 489 88 100 1,131 299 239 2,014 S 

Es e.084 0000s 638 25 30 81 18 25 238 55 30 136 : 

Percentage of all high-tech companies formed during each period o 

Total, all years......... 100.0 6.7 2.5 9.6 3.8 3.6 24.8 11.5 5.6 31.9 8 
Er 100.0 45 3.3 11.4 2.2 2.7 31.0 7.4 5.4 32.1 
ES Ser 100.0 5.6 3.1 12.1 2.4 3.0 35.8 8.0 5.7 24.2 
Ee 100.0 3.2 3.2 10.5 1.9 2.1 24.3 6.4 5.1 43.2 
ee 100.0 3.9 47 12.7 2.8 3.9 37.3 8.6 4.7 21.3 

Percentage of total U.S. high-tech companies, by field 

Total, all years......... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Er 48.2 31.9 64.2 57.6 28.0 36.0 60.2 30.9 46.8 48.6 
Rs 6s iba ue ead 24.9 20.5 31.9 31.4 15.8 20.8 35.9 17.3 25.6 18.9 
Ee 20.5 9.8 26.9 22.5 10.1 12.2 20.0 11.5 18.9 27.8 
ee 28 1.6 5.4 3.7 2.1 3.0 42 2.1 2.4 1.9 


NOTE: Data reflect information collected on new high-tech companies formed through June 1993. 

‘Other fields are chemicals, defense-related, energy, environmental, manufacturing equipment, medical, pharmaceuticals, subassemblies and components, test and measurement, and transportation. 

SOURCE: CorpTech database Rev. 8.2 (Wellesley Hills, MA: Corporate Technology Information Services, Inc.), special tabulations. 

See figure 6-26. Science & Engineering Indicators - 1993 
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Appendix table 6-29. 


Ownership of companies active in high-tech fields operating in the United States, by country of ownership: 1993 


Computer Advanced Photonics Electronic Telecom- Other 
Country All fields Automation Biotechnology hardware materials & optics Software components munications fields’ 
Number of companies 
FRR Seats oe 22.728 1,534 558 2,176 869 823 5.644 2.611 1,267 7.246 
United States........... 21,246 1,385 517 1,997 763 753 5,523 2.404 1,174 6.730 
See 1,482 149 41 179 106 70 121 207 93 516 
United Kingdom. ....... 375 31 8 27 25 20 41 57 16 150 
ee 269 25 6 57 20 17 7 53 26 58 
send eae adws 222 39 4 14 28 17 5 30 8 77 
tak ok ike aa 125 10 0 11 11 4 16 16 6 51 
Switzerland........... 120 17 3 5 4 3 4 17 2 65 
EE atin dan ea 90 5 1 g 3 3 18 6 15 30 
EP Ee 60 8 6 6 3 1 3 6 3 24 
RR ee ne 26 1 0 16 0 2 0 1 6 0 
South Korea .......... 9 0 1 3 1 0 1 2 1 0 
Percent 

ee Cihue cakes ia 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
United States........... 93.5 90.3 92.7 91.8 87.8 91.5 97.9 92.1 92.7 92.9 
ee 6.5 97 7.3 8.2 12.2 8.5 2.1 7.9 7.3 7.1 
United Kingdom. ....... 1.6 2.0 14 1.2 29 24 0.7 2.2 1.3 2.1 
Dh én ohenudeen « 1.2 1.6 1.1 26 2.3 2.1 0.1 2.0 2.1 0.8 
ak 44 6 gh emia 1.0 2.5 0.7 0.6 3.2 2.1 0.1 1.1 0.6 1.1 
ee 0.5 0.7 0.0 0.5 1.3 0.5 0.3 0.6 0.5 0.7 
Switzerland........... 0.5 1.1 0.5 0.2 0.5 0.4 0.1 0.7 0.2 0.9 
NS oud daied wei 0.4 0.3 0.2 04 0.3 0.4 0.3 0.2 1.2 0.4 
ee 0.3 0.5 1.1 0.3 0.3 0.1 0.1 0.2 0.2 0.3 
ee 0.1 ° ’ 0.7 . 0.2 ’ 0.0 0.5 0.0 
South Korea ........... d ’ 0.2 0.1 . ’ . 0.1 0.1 0.0 


* = less than 0.05 percent 


NOTE: Data reflect information collected on new high-tech companies formed through June 1993. 
‘Other fields are chemicals, defense-related, energy. environmental, manufacturing equipment, medical, pharmaceuticals, subassemblies and components. test and measurement, and transportation. 
SOURCE: Derived from the CorpTech database Rev. 8.2 (Wellesley Hills, MA: Corporate Technology Information Services. Inc.) 
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Appendix table 6-30. 
Leading indicators of technological competitiveness for selected Asian countries 
National Socioeconomic Technological Productive 
Country commitment infrastructure infrastructure Capacity 
Newly industrializing economies Sunderdined ¢ seme 
ee a | 1.254 0.949 (0.002) 0.273 
ee ae ee eee neha we 0.924 0.893 1.126 1.065 
EES ra ee a 0.983 0.826 1.086 1.023 
ns antes nie had he 6 din 6 6b6 408 OA 0.921 1.170 1.226 1.159 
Emerging Asian economies 
I po a a ee (1.214) (1.411) 0.384 (0.534) 
Oe ek ee (0.425) (1.682) 0.275 0.227 
I a a ie a a oe a (0.847) (0.566) (1.160) (1.764) 
Se ee Oe ea 0.385 (0.263) (0.368) 0.380 
Other Asian economies 
The Philippines....................... (1.364) (0.179) (1.443) (0.652) 
EE ee (0.616) (0.094) (1.124) (1.176) 


NOTE. Scores were normalized to median values of zero for the 10 countries. based on surveys of expert opinion conducted in 1990 and 
statistical data for the late 1980s 


SOURCE. J David Roessner. The Capacity for Modernization Among Selected Nations of Asia and the Pacific Rim, final report prepared for 
Joint Management Services. inc. (Atlanta: Georgia institute of Technology, 1992). 
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Appendix table 7-1. 
Public interest in selected issues: 1979-92 
Issue area Degree of interest 1979 1981 1983 1985 1988 1390 1992 
Percent 
Very ee 22 35 30 33 33 48 38 
International and foreign policy Moderately ...._.. 53 47 47 51 50 40 47 
Not atali..... 24 18 22 16 16 12 15 
Ritts sda uae 36 37 48 44 43 39 36 
New scientific discov 2nes Moderately ....... 49 45 40 44 46 48 49 
Not at ali 14 17 11 12 12 12 15 
Use of new inventions and Fee e 33 33 42 39 40 39 37 
technologies Moderately....... 51 50 45 49 48 49 53 
MEIEs oc cccece 15 16 12 12 12 12 10 
I NA 25 27 29 34 26 22 
Space exploration Moderately ....... NA 44 45 46 44 48 50 
IS is a ae oa NA 31 28 25 22 26 28 
eer 46 50 39 36 38 42 32 
Energy/nuciear power’ Moderately ...._.. 42 40 46 50 46 44 49 
Notatall......... 11 10 14 13 16 14 18 
ae ean NA NA NA 68 75 68 66 
New medica! discovernes Moderately ... . NA NA NA 29 25 29 31 
| NA NA NA 3 3 3 3 
Aad & aoe id NA NA NA NA NA 64 59 
Environmental pollution Moderately ....... NA NA NA NA NA 31 36 
Notatalil........ NA NA NA NA NA 5 5 
Economic issues and business err 35 52 57 48 48 50 56 
conditions Moderately....... 48 37 33 41 42 40 3 
Notatall...... 17 10 10 11 10 10 8 


= 1,635 3,195 1,631 2.005 2,041 2.033 2,001 


“There are a lot of issues in the news and it 1s hard to keep up with every area !m going 'o read you a short list of issues and for each one—as | read it—/ would like 
you to tell me # you are very interested. moderately interested. or not at all mterested ~ 


NA = not asked 
NOTES “Don't know” responses are not included Percentages may not total 100 because of rounding 


‘in 1988, 1990. and 1992. the question was worded.“ ‘ssues about the use of nuclear power to generate electricity “ in 1979 to 1985, the question was 
worded” issues about energy policy ” 

SOURCES JD. Miller and LK Piter. Public Attitudes Toward Science and Technology. 1979-1992. integrated Codebook (Chicago international Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993). and unpublished tabulations 
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Public interest in scientific and technological issues, by sex and level of education: 1992 $ 

he) 

Science Technology Medicine Space Nuclear power Environment a 

m 

Sex and Very Moderately Very Moderately Very Moderately Very Moderately Very Moderately Very Moderately 3 

level of education interested interested interested interested =mierested imterested inierested imteresied mierested mterested mierested interested N 3 

Percent 3 

RS 36 49 37 53 66 31 22 50 32 49 59 36 2.001 > 

S 

Sex = 

ass dkakdedee 38 49 41 52 55 40 29 50 33 48 55 39 950 a 

ES oo cot ieeue 34 49 33 55 7€ 23 16 51 30 50 62 34 1,051 LJ 

$ 

Formal education @ 
Q9yearsoriess ...... 32 39 34 52 74 22 18 K ) 38 37 62 30 196 
10 or 11 years....... 33 47 46 44 71 25 23 48 39 42 60 30 207 
High school degree . . . 35 51 35 55 66 31 21 51 30 49 59 37 1,202 
College degree... ... 43 51 39 55 62 35 25 55 30 56 58 40 235 

Graduate/professional 
DC ecthe ew oe 44 51 40 52 57 40 26 56 27 61 54 42 161 
Science/math education 

Se 33 48 36 53 70 27 20 47 4 45 60 35 1,175 
ee 36 53 35 54 62 36 24 53 27 54 55 39 467 
ee 47 48 41 52 59 38 27 58 29 55 60 37 358 


“There are a jot of issues in the news and it is hard to keep up with every area. |'™ gong to read you a short list of issues and for eacr one-—as | read t—/ would like you to tell me df you are very interested. moderately 
mterested, or not at all interested ~ 


NOTES: “Don't know” responses are not included. Percentages may not total 100 because of rounding 


SOURCES J.D. Miller and LK. Pifer, Public Attitudes Toward Science and Technology. 1979-1992. integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy. Chicago Academy of 
Sciences. 1993). and unpublished tabulations 


See figure 7-2 Science & Engineering indicators - 1993 
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Appendix table 7-3. 
international comparisons of public interest in scientific and technological issues: 1992 


Public interest in 


New medical New inventions New scientific Environmental 


Region/country discoveries and technologies discoveries pollution N 
ee ene 

European Community ..... 45 35 38 56 12,800 
ee 36 28 29 42 1,000 
ds a iad aes 39 36 39 61 1,000 
RD lia ice: i abet ial ac 58 42 46 59 1,000 
eae 35 25 26 55 2,000 
ee 55 as 46 74 1,000 
it kok aid el een 37 30 29 39 1,000 
Re ee 45 39 45 65 1,000 
I neo 44 040 68 46 36 37 63 500 
The Netherlands ........ 57 44 41 63 1,000 
ee 29 21 22 37 1,000 
a a ak: ok ea 39 33 37 50 1,000 
United Kingdom. ........ 51 39 41 50 1,300 

cnc 6 ok ened bie 31 16 13 36 1,457 

United States ........... 66 37 36 59 2,001 


SOURCES: Commission of the European Communities, Europeans, Science and Technology — Public Understanding and Attitudes (Eurobarometer 38.1] (Brussels: 
Commission of the European Communities, 1993). J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook ‘ 
(Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and National Institute of Science and Technology 
Policy (Japan), Japan National Study, 1991 (Tokyo: NISTEP. 1992). 
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Appendix table 7-4. 
Public informedness on selected issues: 1979-92 
Issue area Degree of informedness 1979 1981 1983 1985 1988 1990 1992 
Percent 
Very well-informed.......... 8 17 14 15 14 22 19 
International and Moderately well-informed .... . 54 54 51 53 55 57 54 
foreign policy Not at ail informed .......... 37 28 35 32 31 22 26 
Very well-informed. ......... 10 13 13 +13 14 14 12 
New scientific discoveries Moderately well-informed ... . . 52 49 53 59 55 55 54 
Not at all informed .......... 37 38 34 27 31 31 34 
Use of new inventions Very well-informed.......... 10 11 14 12 12 11 10 
and technologies Moderately well-informed ... . . 50 48 55 54 51 53 56 
Not at all informed .......... 39 40 32 34 36 35 33 
Very well-informed.......... NA 14 13 16 13 11 9 
Space exploration Moderately well-informed ... . . NA 46 52 52 52 51 48 
Not at all informed .......... NA 40 34 32 34 38 44 
Very well-informed.......... 18 23 19 16 13 12 10 
Energy/nuclear power' Moderately well-informed ..... 58 56 56 55 47 50 43 
Not at all informed .......... 23 21 24 29 39 38 46 
Very well-informed.......... NA NA NA 24 22 24 22 
New medical discoveries Moderately well-informed ... . . NA NA NA 57 59 57 58 
Not at all informed .......... NA NA NA 18 19 20 21 
Very well-informed.......... NA NA NA NA NA 32 29 
Environmental pollution Moderately well-informed .... . NA NA NA NA NA 55 56 
Not at allinformed.......... NA NA NA NA NA 13 15 
Economic issues and Very well-informed.......... 14 29 28 22 22 25 29 
business conditions Moderately well-informed ... . . 55 51 52 51 55 55 54 
Not at all informed .......... 31 20 20 26 22 20 17 


N=. . 1,635 3,195 1,631 2,005 2,041 2,033 2,001 


There are a lot of issues in the news and it is hard to keep up with every area. !'m going to read you a short list of issues and for each one-—as | read it—/ would like 
you to tell me if you are very interested, moderately interested, or not at all interested. 


“Now, I'd like to go through this list with you again and for each issue !d like you to tell me if you are very well-informed, moderately well-informed, or poorly informed.” 
NA = not asked 
NOTES: “Don't know” responses are not included. Percentages may not total 100 because of rounding. 


‘In 1988, 1990, and 1992, the question was worded “. . . issues about the use of nuclear power to generate electricity.” In 1979 to 1985, the question was worded 
“... issues about energy policy.” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unpublished tabulations. 
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Appendix table 7—5. 
Public informedness on scientific and technological issues, by sex and level of education: 1992 


Science Technology Medicine Space Nuclear power Environment 
Very Moderately Very Moderately Very Moderately Very Moderately Very Moderately Very Moderately 
Sex and well- well- well- well- well- well- well- well- well- well- well- well- 
level of education informed informed informed informed informed informed informed informed informed informed informed informed N 
- = —- -  --- - _—--_----— - -—- Percent -—-------——- -- — -- --—--- — - = 

Alladults............ 13 54 11 56 22 58 4 48 11 43 29 56 2,001 
Sex 

ON 16 53 13 57 17 56 12 52 12 45 31 54 950 

RS a Pepe” 10 55 a 55 26 59 6 44 a 41 28 58 1,051 
Formal education 

9 yearsorliess........ 16 52 18 52 22 52 6 37 16 43 34 46 196 

10orliyears........ 13 58 6 61 23 60 6 54 11 42 29 52 207 

High school degree ...._ 11 50 4 55 21 58 a 47 9 40 28 57 1,202 

College degree ....... 12 64 11 58 20 58 10 48 12 47 30 62 235 

Graduate/professional 

re eb be ee oe ie 17 63 16 58 26 60 16 55 11 57 33 58 161 

Science/math education 

Ge aren 11 52 10 54 22 57 8 44 11 41 28 56 1,175 

Pe ee 12 53 8 60 19 58 8 53 8 43 28 58 467 

i a teenhie wine ee oe 18 63 15 58 23 59 13 53 11 49 35 54 358 


“There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues and for each one—as | read it—! would like you to tell me if you are very interested, moderately 


interested, or not at all interested. 
“Now, I'd like to go through this list with you again and for each issue I'd like you to tell me if you are very well-informed, moderately well-informed, or poorly informed.” 
NOTES: “Don't know” responses are not included. Percentages may not total 100 because of rounding. 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy, Chicago Academy of 


Sciences, 1993), and unpublished tabulations. 
See figure 7-2. 
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Appendix table 7-6. 
international comparisons of public informedness on scientific and technological issues: 1992 


Percent “very well informed” about 


New medical New inventions New scientific Environmental 
Region/country discoveries and technologies discoveries pollution N 
Percent 

European Community ..... 12 9 9 25 12,800 
eee 14 11 9 24 1,000 
I i oh sal ceils wilds 8 11 12 11 27 1,000 
Gas 64 bik Bie ade 20 14 16 30 1,000 
ER avg ites cables ioe 10 7 7 26 2,000 
ia ne ade a 11 8 8 29 1,000 
ee seek ops 8 8 7 14 1,000 
A ee 11 9 9 28 1,000 
Luxembourg ........... 16 13 13 34 500 
The Netherlands ........ 15 12 10 31 1,000 
066666 aewr es 6 4 4 14 1,000 
0 Se eee 7 7 6 16 1,000 
United Kingdom. ........ 13 11 10 23 1,300 

es re 5 2 2 8 1,457 

United States ........... 22 10 12 29 2,001 


“There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues and for each one—as | read it-/ would iike 
you to tell me if you are very interested, moderately interested, or not at ail interested.” 


‘Now Id like to go through this list with you again and for each issue I'd like you to tell me if you are well-informed, moderately well-informed, or poorly informed.” 


SOURCES: Commission of the European Communities, Europeans, Science and Technology - Public Understanding and Attitudes [Eurobarometer 38.1] (Brussels: 
‘ommission of the European Communities, 1993). J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook 
(Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and National Institute of Science and Technology 
Policy (Japan), ..2pan National Study, 1991 (Tokyo: NISTEP, 1992). 
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Issue area Degree of attentiveness 1979 1981 1983 1985 1988 1990 1992 
~-Percent. ~- ---——-——-- -—-—___ 
Attentive public ............ 6 6 8 8 8 14 11 
International and interested public ........... 16 29 23 25 25 34 27 
foreign policy EL 65 oa b 60s o.Seanbes 78 65 70 67 67 52 62 
Attentive public ............ 7 9 9 8 8 8 7 
New scientific Interested public ........... 29 28 40 36 34 31 29 
discoveries OEE RE ie 64 63 52 56 57 61 64 
Use of new inventions Attentive public ............ 6 8 8 8 7 7 6 
and technologies interested public ........... 27 26 34 31 33 32 30 
GS 67 67 58 61 60 61 63 
Attentive public ............ 9 12 13 12 11 11 10 
Science and technology Interested public ........... 37 35 48 44 42 40 40 
Cea, ad a eae weal 54 54 39 45 46 49 50 
Attentive public ............ NA 7 7 9 8 6 5 
Spac exploration Interested public ........... NA 18 20 20 26 20 17 
ree NA 75 73 71 66 74 78 
Attentive public ............ NA NA 15 NA 8 8 6 
Energy/nuclear power’ Interested public ........... NA NA 25 NA 30 34 26 
cn 66eeeéenhenba NA NA 61 NA 62 58 68 
Attentive public ............ NA NA NA 17 16 16 17 
New medical discoveries Interested public ........... NA NA NA 51 56 52 49 
DCiVé.t Chee ew ak eee NA NA NA 32 28 32 34 
Attentive public ............ NA NA NA NA NA 20 18 
Environmental pollution interested public ........... NA NA NA NA NA 43 41 
ee NA NA NA NA NA 36 41 
Economic issues and Attentive public ............ 9 12 19 16 15 17 19 
business conditions Interested public ........... 26 40 38 32 33 34 38 
Sree 65 48 43 52 52 50 44 
N= 1,635 3,195 1,631 2,005 2,041 2,033 2,001 


NA = not available 


NOTE: Percentages may not total 100 because of rounding. 
‘In 1988, 1990, and 1992, respondents were asked about their interest in, and informedness on, “.. . issues about the use of nuclear power to generate electricity.” In 


1979 to 1985. they were asked about *. 


. issues about energy policy.” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: international Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences, 1993), and unpublished tabulations. 
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Appendix table 7-8. a) 
Public attentiveness to scientific and technological issues, by sex and level of education: 1992 ® 
® 
Qo 
—o Science Technology Science/tech policy Medicine Space Nuclear power Environment 2 
level of education Attentive interested Attentive interested Attentive Interested Attentive interested Attentive Interested Attentive interested Attentive interested N > 
Percent 3 
Alladults.......... 7 29 6 31 10 40 17 49 5 17 6 26 18 41 2,001 > 
g 
Sex x 
a as Ss a - 30 8 33 13 39 13 43 7 22 7 26 19 36 950 a 
ba ib a bal 6 28 5 28 8 41 21 55 3 13 5 25 17 45 1,051 
8 
Formal education & 
Qyearsorless...... 4 29 8 26 10 34 12 63 3 16 6 32 13 49 196 
1oriiyears...... 8 24 6 40 g 51 18 52 2 21 9 30 19 42 207 
High school degree. . . 7 28 5 30 9 39 17 49 4 17 5 25 17 42 1,202 
College degree... . .. 8 35 9 30 12 43 17 45 6 19 8 22 21 37 235 
Graduate/professional 
Eee 12 32 11 29 16 37 22 35 11 15 6 21 24 30 161 
Science/math education 
Se a 6 27 5 31 9 39 17 53 3 16 6 28 17 44 1,175 
ee 7 28 5 30 8 41 14 48 4 19 4 23 15 40 467 
a thee tn a 12 36 11 31 16 42 20 39 9 18 8 22 26 34 358 


NOTE: Percentages may not total 100 because of rounding. 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy. Chicago Academy of 
Sciences, 1993), and unpublished tabulations. 
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Appendix table 7-9. 
Public use of selected sources of information: 1992 
Sex, level of education, News Science Radio Public 
and attentiveness Newspaper magazine magazine TV news news library N 
Percent 
ii ae hce ako ie ea 56 28 9 95 64 42 2,001 
Sex 
I as 6 dick te bls ko ak 63 30 12 95 66 37 950 
Di. ..« deJebebenes skein 50 26 6 94 63 46 1,051 
Formal education 
Pe Conk ees sak eikeue - 44 8 2 97 51 21 196 
iain a 6d abd e wnGe wees 51 22 7 94 58 22 207 
High school degree......... 56 27 9 95 66 42 1,202 
College degree........... 59 43 13 94 67 60 235 
Graduate/professional degree . 70 44 14 34 75 65 161 
Science/math education 
ee 53 20 7 95 61 30 1,175 
Middie 58 36 8 95 69 52 467 
High. . 62 42 17 93 69 65 358 
Attentiveness to scrence/technology policy 
a 76 44 26 93 63 58 199 
interested public... _. 53 29 9 96 65 41 802 
Residual....._. nal i 54 24 5 94 64 39 999 


‘Now. | 0 hke to read you a short list of television shows and ask you to tell me whether you watch each show regularly—tnat is. most of the ttme—occasionally. or not 
at all A morning television news show”? An evening television news show? A late night television news show? 


“How often do you read a newspaper every day. a few times a week. once a week. or jess than once a week? 
“Are there any magazines that you read reguiarly. that is. most of the time? Are there any others that you read occasionally? 
‘On an average day. about how many hours would you Say that you listen to a radio? About how many of those hours are news reports or news shows? 


“Now. let me ask you about your use of museums. 200s. and similar institutions. | am gow;g to read you a short list of places and ask you to tell me how many times 
you visited each type of place during the iast year. that is. the last 12 months. if you did not visit any given place. just Say None. A pubiic library How many times oid 
you visit it during the last year?” 


NOTES “Don't know’ responses are not included Percentages may not total 100 because of rounding 


SOURCES JD Miller and LK Pifer, Pudiic Attitudes Toward Science and Technology. 1979-1992. integrated Codebook (Chicago international Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993). and unpublished tabulations 
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Appendix table 7-10. 
Primary sources of information about heaith: 1992 
Sex, level of education, and attentiveness TV Newspapers Dociors Magazines N 
- Perceni 
Ne ee ein ekg ca 32 19 14 13 3,111 
Sex 
re eee 31 22 14 10 1,490 
0 ee 33 i6 16 15 1,621 
Formal education 
a i a ke 33 7 25 7 346 
eee ee td medesens 30 10 25 9 338 
High school degree............... 35 20 12 13 1,818 
SGI gw cccccccccceseses 25 26 $ 13 414 
Graduate/professional degree ....... 73 21 12 27 195 
Science/math education 
ee ae Ke) 15 17 12 1,743 
Dl Victeeteiee dh beeenkn ene 32 23 10 11 853 
ES er 22 24 12 19 515 
Attentiveness to science/technology policy 
Attentive public. ................. 24 14 16 16 247 
interested public ................. 32 19 14 13 1,261 
Ee 33 19 15 12 1,601 


“Now, let me ask you to think about news or information about health and medicine. What is your most important source of informa:an sbout health anc medicine?” 
NOTES “Don't know” responses are not included. Percentages may not total 100 because of rounding 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992. integrated Codebook (Chicago. inten atioral Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and uwublichsc tabulations 
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Appendix table 7-11. 
Comparisor:s of public levels of trust in news sources for selected health issues: 1992 


Sex, level of education. and attentiveness a B Cc D E F G N 
Percentage with a high level of trust 
Heart disease 
EE on oath de ee bee 6ebmk es 16 46 28 12 76 54 67 1,483 
Sex 
EE re ee ere ee 15 45 26 9 77 58 66 675 
ee ee eae ee ee a A 18 47 31 15 75 51 67 808 
Formal eaucation 
tke ek here & 44% 6% 26 24 36 25 62 31 48 172 
TESS Se 19 50 44 20 83 44 64 153 
High school degree.................. 14 49 25 10 76 86 68 854 
NGI, 5 oc ccccesccccceceess 14 48 22 6 78 64 74 211 
Graduate/professional degree .......... 23 45 31 6 75 74 84 94 
Scrence/math education 
0 SS ee ee 17 43 32 15 74 46 61 816 
SEN a ee are rere 17 55 27 10 79 59 72 432 
Pdcteturssctutce theneee es eee 14 42 19 7 75 74 77 235 
Attentiveness to science/technology ond 
Attentive public............... 15 a4 26 15 80 73 73 132 
interested public.................... 17 48 31 11 72 58 69 572 
Th) ce. .45 sunk es 6s Jnaees 16 44 27 12 78 48 64 779 
Weight loss 
TTT TT et Tee eT Te Ter 8 27 17 9 69 39 56 1,628 
Sex 
ee ee ee re 8 26 17 5 72 38 54 815 
De inecchintheeae esa eetensa 8 28 18 14 67 40 58 813 
Formal education 
hs «6 csnese eno dee oven e's 3 8 16 13 46 28 36 174 
a, errr re 12 15 23 14 57 9 47 186 
High school degree... .. rere Ter 7 28 18 10 73 41 58 964 
665606 CANS D4 6400-08 13 42 18 3 77 46 69 203 
Graduate/protessional ee 6 35 4 3 81 59 67 101 
Science/math education 
Di eth sss cenechuncehestasetes 7 20 20 12 64 35 49 927 
Pc sntddh¥ibencieketeenes 10 31 15 6 76 42 64 421 
ORT Tre TT Teer Ce Tee 9 43 13 6 79 49 67 280 
Attentiveness to science/technology — 
re x 12 38 22 6 71 53 70 115 
ee ee 11 29 19 11 75 46 62 690 
ee ee eee 5 23 16 8 64 32 49 823 


Earher we talked about the sources from which you get your information about various issues. Now. | would like to ask you to tell me how much confidence or trust 
you would have in various kinds of information about heart disease (losing weight) Let me read you a short list of news sources that might include some information 
about heart disease (losing weight). and. for each one. | would like you to tell me if you have a high level of confidence in information from that source, a moderate 
level of confidence. or a low level of confidence ° 


A = Astory in your local newspaper 

- An article in Time or Newsweek 

= Astory on the evening television news 

= A television talk show like the Oprah Wintrey Show or the Phi Donahue Show 
= Aconversation with your physician 

= ry article by a scientist 

= Areport from the National Institutes of Health 


NOTES. “Don't know’ responses are not included Percentages may not total 100 because of rounding 


SOURCES JD. Miller and LK. Piter, Public Attitudes Toward Science and Technology. 1979-1992. integrated Codebook (Ctucago international Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993). and unpublished tabulations 
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Appendix table 7—12. 
Public confidence in the people running various institutions: 1973-93 


1973 1974 1976 1977 1978 1980 1982 1983 1987 1989 1993 
Percentage expressing a great deal of confidence 

30 33 29 31 24 26 26 24 25 28 25 23 
54 60 54 51 46 52 45 51 46 52 46 40 
Scientific community 37 45 43 41 36 41 38 41 39 45 40 41 
U.S. Supreme Court 31 33 35 35 28 25 30 28 30 36 34 32 
32 40 39 36 29 28 31 29 31 34 32 43 
37 49 37 41 28 30 33 29 28 35 30 23 
Mayor Compames 29 31 22 27 22 27 23 24 24 30 24 25 22 
Organized religion 35 44 30 40 31 35 32 28 25 29 22 23 24 
Executive branch of Federal Govt 29 14 13 28 12 12 19 13 18 20 NA 12 
Banks and financial insttutions NA NA 39 42 33 32 27 24 27 NA 15 
23 17 14 19 13 9 13 10 16 NA 7 
23 26 25 20 22 18 13 18 15 11 
18 23 17 14 16 14 12 12 NA 12 
Organized labor 15 18 15 11 15 12 8 10 NA 9 
N = 1.504 1,484 1499 1530 1,532 1,468 1506 1.599 1.466 899 1,031 


NOTE Survey was not conducted im 1979 and 1981. and question was not asked in 1985 

‘Average does not include banks and financial institutions 

SOURCE National Opinion Research Center. Genera! Socia/ Surveys. Cumulative Codebook. J A Davis and TW. Smith. principal investigators (Chicago. University of Chicago. annual senes) 
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Appendix table 7-13. 
Responses to and mean scores on the Attitude Toward Organized Science Scale: 1983-92 


1983 1985 1988 1990 1992 
—___—_——————Percemage  ptic—___—___—_—_- 
Agree that “science and technology are making our lives healthier, 
i ee hae wil 84 86 87 84 85 
Agree that “the benefits of science are greater than any 
a eee eee ee ie ke 57 68 76 72 73 
Disagree that “science makes our way of life change too fast”. . . . 50 53 59 60 63 
Disagree that “we depend too much on science and not enough 
Ds hiahh secede dake hese ds) CEAREA RR ees ee. 43 39 43 we 45 
ieee j-. i i. i $Setneemeemeemenies 
es 8b eee cee ee 4k sae Obs eee weak 2.3 2.5 2.7 2.6 2.7 
Sex 
MAS cs beeen eh ab ee weed eed bebe been seus 2.2 2.4 2.6 2.5 2.7 
AAs dcendheose a hess eee ees Cee eh acest cane &e 2.5 2.6 2.8 28 2.6 
Forma! education 
IN 655 h 66-04 0. COR SROAD ERD ~- 60004 REw OSS 1.8 1.8 2.2 1.8 2.0 
Ty eT Ter ee errr erry Te ee 2.4 2.6 2.8 2.7 2.7 
A ere eee ee eee 2.8 3.1 3.2 3.2 3.2 
Graduate/professional degree... . 2... eee eee 2.9 3.1 3.1 3.2 3.3 
Attentiveness to science/technology policy 
ns ve chad’ (53 d60605004.5008 806546002005 6 2.8 3.0 2.8 2.9 
PE . Js. sets khs Ped enee CGasees baenes vas 2.4 2.6 2.8 2.7 78 
ECS ne bbs 004-500 5065085 65005440 0400040 8008-88 2.1 2.3 2.5 2.5 75 
N= 1,631 2,005 2,041 2,033 2,001 


‘Now | would like to read you some statements like those you might find in a newspaper or magazine article. For each statement, piease tell me if you generally 
agree or disagree. If you feel especially strongly about a statement, please tell me that you strongly agree or strongly disagree.” 


ATOSS = Attitute Toward Organized Science Scale 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: Inte: \ational Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unp lished tabulations. 


See text table 7-2. Science & Engineering Indicators - 1993 
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Appendix table 7-14. 
international comparisons of public attitudes toward science and technology: 1992 


Region/country A B C D E F G N 
Percentage agreeing 

European Community............ 83 48 19 80 54 61 55 6.418 
ES 76 37 20 77 59 51 48 495 
te et is wae Ke ae 86 46 17 81 19 69 62 511 
ee oe, ee a wk will 84 44 14 86 49 63 48 505 
a 86 48 24 75 70 60 62 1,001 
a a ae ee alla a wk 83 63 23 86 53 61 89 500 
gre Sy mee ar 76 48 16 75 41 63 48 495 
NE ee ee ee 80 45 19 82 or @) 62 54 491 
RS. ks i 6 eee ps6 Hi 76 46 24 78 57 55 59 257 
The Netherlands ................ 85 aa 19 84 890 50 58 479 
Se eee 76 61 24 69 49 60 66 505 
IRS State Sis gia is dig oe 81 53 17 71 42 67 65 497 
Ee ee 85 49 17 83 40 61 47 674 

0 ee NA 70 43 86 NA 40 57 1,457 

Ns, ni ee le wn a 84 48 39 76 38 73 38 2,001 

A “Science and technology are making our lives healthier. easier, and more comfortable.” 

B “We depend tco much on ccience and not enough on faith.” 

C “On balance. computers and factory automation will create more jobs than they eliminate.” 

D “Even if it brings no immediate benefits, scientific research which advances the frontiers of knowledge is necessary and should be supported by the government.’ 

E “New inventions will always be found to counteract any harmful consequences of technological development ” 

F “The benefits of science are greater than any harmful effects.” 


G “Science and technology make our way of life change too fast.” 
NA = not asked 


SOURCES: Commission of the European Communities, Europeans, Science and Technology — Public Understanding and Attitudes [Eurobarometer 38.1} (Brussels 
Commission of the European Communities, 1993). J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology. 1979-1992. integrated Codebook 


‘ is 


(Chicago: International Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences, 1993). and Natiezial Institute of Science and Technology 
Policy (Japan), Japan National Study, 1991 (Tokyo: NISTEP. 1992) 


See figure 7-14 Science & Engineering Indicators - 1993 


Appendix table 7-15. 
Public attitudes toward scientists and scientific research: 1992 


Sex, level of education, and attentiveness A B C N 


Percentage agreeing 


DER am, CRS. . Wi ee eee pel ee ao aaa 63 52 79 3.111 
Sex 

Se eS ee ee ee eS ae 7... Wane 64 54 78 1,490 
ER Te ee Cee ee eee See ee ore ee rere 62 51 80 1,621 


Formal education 


TTT ETT Tee TT Tee TT eee —e 44 68 80 346 
EE a eee ee eee ee 68 56 80 338 
i 6 6 6: 4id 6.000660 64 0 ONES O ROR NOD OOS 64 54 79 1,818 
eT eee ee eee eee ay toe 67 38 77 414 
Graduate/professional degree ................... ” 72 38 78 195 
Science/math education 

0 eee eee eee eee ere eee | 59 59 80 1,743 
NS Ske Kden kédwkes oa je beak cee okeeRs ba‘ 66 45 78 853 
ere baited ibd pened en ei eda nee ¢2 71 43 76 515 
Attentiveness to science ‘technology policy 

 ccice. 66 owe awe 0-08 rs “ae 69 54 79 247 
eee oe ee ¥ 62 59 82 1.261 
eee are eee eee ' 63 54 76 1.602 


A “The fact that scientists repeat and check each others work effectively prevents fraud or Cheating by scientists 
B “Many scientists make up or falsify research results to advance thei careers or make money 
C “Most scientists want io work on things that will make life betier for the average person 


SOURCES: J.D. Miller and L.K. Piter, Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago. International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1993). and unpublished tabulations 


See figure 7-10 Science & Engineering Indicators - 1993 


486 ¢ Appendix A. Appendix Tables 


Appendix table 7-16. 
Public assessment of the likelihood of certain results from science and technology: 1992 


Sex, level of education, and attentiveness A B C D E F N 
Percentage finding result very likely 
A , pe 26 44 48 45 40 46 3,111 
Sex 
ae es ie ie a as 29 45 50 47 43 43 1,490 
te a. de cet ee ae oe eo 22 44 46 43 38 49 1,621 
Formal education 
CAs bs nae aed ek eee 37 35 47 35 35 39 346 
a ks wea le as 28 41 40 42 42 47 338 
High echool degree. ................ 23 44 50 47 42 50 1,818 
ica ae odo 0 th wo 27 52 45 47 36 38 414 
Graduate/professional degree......... 20 53 50 48 44 43 195 
Science/math education 
Re ee tire a ee os cel ee ees bo 27 42 48 45 4° 48 1,743 
ETT a aay eee Ee be eee 22 45 48 45 39 46 853 
Ee ee eee eer ee 26 52 48 45 40 41 515 
Attentiveness to science/technology policy 
ES os he 64d 00K b000 8640 28 54 43 50 49 38 247 
CE, vce bs veend see ene 30 48 51 50 42 48 1,261 
I i ee es eee el 22 40 46 40 38 46 1,602 


“Now let me ask you to think about the long-term future. | am going to read you a list of possible results and ask you how likely you think it is that each of these 
results will occur in the next 25 years or so.” 


“The accidental release of a dangerous manmade organism that could contaminate the environment.” 

“The development of medical technologies that will extend the average age of Americans to approximately 90 years.” 
“A major nuclear power plant accident.” 

“A cure for the common forms of cancer.” 

“A vaccine for the disease AIDS." 

‘A significant deterioration in the quality of our environment.” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992. integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unpublished tabulations. 
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Appendix table 7-17. © 
Public assessment of the effect of science and technology on selected aspects of life: 1985 and 1992 2 
2) 
$< 8) 
Standard General working Public World Individual > 
of living conditions health peace enjoyment of life P= 
Sex, level of education, and Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative a 
attentiveness to science/technology Year effect effect effect effect effect effect effect effect effect effect N 3 
Percent 4 
All adults 84 9 79 «12 83 12 42 33 70 «(15 2,005 5 
ar 83 6 77 ~9 79 «O11 49 25 73. «10 2,001 = 
a 
Male as ae 7 82 10 8511 44 33 75 at 950 bl 
Se 87 5 78 4 81 11 51 26 77. ~—« 10 950 ra 
Female so 644/04 82 10 76 13 81 13 41 33 65 18 1,054 
or 80 7 76 10 77 11 47 24 69 10 1,051 
11 years or less formal education G's anaes 73 15 63 22 71 20 43 32 54 22 507 
i ee 72 11 65 17 67 19 49 27 63 15 403 
High schoo! degree ee 85 7 82 i) 86 10 42 35 73 14 1,147 
i a 84 6 77 g 80 10 48 24 73 10 1,202 
College degree Se 93 3 89 6 89 7 42 29 80 8 229 
aS $3 2 87 4 88 7 48 26 80 7 235 
Graduate/professional degree ee 99 1 93 3 92 8 40 28 82 8 121 
re 95 2 91 3 93 4 53 21 82 6 161 
Public attentive to science/ ee 90 5 83 12 82 14 46 33 81 11 235 
technology policy i 87 4 79 12 84 10 48 32 74 13 199 
Public interested in science/ ee 86 8 80 12 84 11 43 33 73 13 871 
technology policy re 84 7 80 9 78 12 52 23 76 9 802 
Residua! 1986....... 80 10 76 11 82 12 40 33 63 17 898 
82 6 74 10 79 10 47 24 70 11 999 


“Now, | want to read you a short list of areas and for each one, please tell me if you think that science and technology have had a positive effect, a negative effect, or neither kind of effect ” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: international Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences. 1993), and unpublished tabulations. 


See iigure 7-12. Science & Engineering Indicators — 1993 
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Appendix table 7-18. 
Public assessment of the benefits/harms of scientific research: 1979-92 


Benefits Benefits Benefits Harms Harms 
Sex, level of education, strongly exceed equal exceed strongly 
and attentiveness Year exceed harms harms harms’ benefits exceed benefits N 
Percent 
RES * 46 23 21 6 4 1,635 
RE Pe 42 28 13 12 5 1,536 
ee ee 44 24 13 13 6 2,005 
All adults re ee 53 22 13 8 4 1,042 
I oe ae 5 ee ae a 47 23 17 10 3 2,033 
eer 42 31 11 12 5 997 
a ee 51 22 17 6 3 773 
ar ee 48 27 11 10 5 724 
Male Sa ee 48 22 11 13 6 950 
eres er 56 22 11 7 4 498 
ere eee 54 23 10 9 4 964 
ere eee 45 30 i] 11 5 464 
I a ad coc a te a kod“ 42 24 25 6 4 862 
 aeewrree ss cee 37 28 16 14 5 Bil 
Female ee ee ere 40 25 15 14 6 1,054 
0 ees See 51 21 5 ie] 4 544 
er ere ee 40 23 23 11 3 1,070 
— Te 31 13 12 4 533 
er ees a 26 23 36 10 6 465 
RSE ee 26 23 25 18 9 385 
11 years or less rrr rrre rey: 20 21 27 19 13 507 
forma! education RET ee er ee eT 33 24 22 15 6 293 
eee se ee 24 23 33 16 4 495 
Pere ye Pe 24 33 17 20 7 215 
rer r err 50 25 15 5 3 932 
eee 43 31 10 12 4 886 
High school degree Perr cr res. 47 25 11 13 4 1,143 
rarer 56 23 11 6 4 574 
er errr rs 49 25 13 10 3 1,179 
Ferrers 41 32 10 12 5 579 
rrr eres 69 17 9 2 3 238 
— ee ee ee 64 22 7 4 2 264 
College degree ere er ee 67 22 3 6 2 349 
errr ee ee 72 14 4 2 1 175 
 aPrvererr cs 7C 18 8 3 1 359 
Sere ss eee 66 22 8 3 2 203 
Attentive public SN) 6vidiekserenaees 60 26 4 5 3 81 
for new scientific Peer er re 61 19 12 5 3 168 
discoveries PPPPerer rr Ty? 48 27 12 9 4 94 


Peopie have frequently noted that scientific research has produced both beneficial and harmful consequences Would you say that, on balance, the benefits of 
scientific research have outweighed the harmful results, or have the harmtul results of scientific research been greater than its benefits? 


‘Would you Say that the balance has been strongly in favor of beneficial results, or only slightly? Would you say that the balance has been strongly in favor of harmful 
results, or only slightly?” 


NOTE: “Don't know” responses are not included 
‘Offered as a response category for the first time in 1990: in prior years, volunteered by respondent 


SOURCES: J.D. Miller and LK. Pifer, Public Attitudes Toward Science, 1979- 1992. Integrated Codebook (Chicago: International Center for the Advancement of 
Scientific Literacy, Chicago Academy of Sciences, 1993). and unpublished tabulations 


See figure 7-13 Science & Engineering Indicators — 1993 
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Appendix table 7-19. 
Public preferences for spending in the United States: 1981-92 


Problem area Government is spending 1981 1983 1985 1988 1990 1992 
Percent 

Exploring space Too little 18 17 ) 17 g 12 
Too much 43 39 45 42 52 50 

Reducing pollution Too little 52 54 69 76 76 i2 
Too much 14 11 6 4 5 7 

Improving health care Too little hice a 61 NA 68 68 /S 79 
Too much a 6 NA 3 2 3 5 

Scientific research Too little. . . oe 31 NA 29 34 30 34 
Too much rae 18 NA 18 15 16 19 

Improving education Too little . er 62 71 73 76 77 81 
Too much..... cen 6 5 3 4 4 4 

Helping older people Too little . vr 73 NA 72 76 7S 73 
Too much....... sy 3 NA 3 2 2 4 

Improving national defense Too little eT 33 19 1 11 15 15 
Too much. are cpa 26 47 50 53 40 40 

Helping low-income persons Too little . Bedi i 45 NA 54 55 57 56 
Toomuch....... | 24 NA 13 12 15 17 

N = 1,659 1.631 2.005 2.041 2.033 2.001 


We are faced with many problems in this country. 1m going to name some of these problems. situ for eaci one, 1d like you to tell me if you think that the 
government is spending too little money on it. about the nght amount. or too much 


NA = not asked 
NOTE. The “Improving national defense” question was asked on a split ballot in 1988. thereiore N = 1.013 


SOURCES. JD. Miller and LK. Pifer, Public Attitudes Toward Science and Technology. 1979--92. Integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993). and unpublished tabulations 


See figure 7-15 Science & Engineering indicators — 1993 


Appendix table 7-20. 
Public preferences for spending in the United States: 1992 


Scientific Space Low-income 
Sex. leve researc Education Elderly exploration Pollution Health care Defense persons 
education. and Too Too Tou Too Too Too Too Too Too Too Too Too Too Too Too Too 
attentiveness ittle much ttle = much iitte = much ittle = much ttle = much httle = much little much little much N 
Perceni 
All adults 34 19 81 4 73 4 12 50 72 7 79 5 15 40 56 17 2.001 
Sex 
Male 7 19 77 6 65 6 17 45 72 7 74 6 12 43 54 18 950 
Female . 31 19 86 2 80 2 a 56 71 6 84 3 18 37 57 16 1.051 
Formal education 
9 years or less — 24 68 5 73 3 13. «55 61 13 67 8 17 33 56 10 196 
10 or 11 years .. 37 28 87 4 84 2 11 58 75 11 88 2 26 39 72 g 207 
High schoo! 
degree Ka 30 20 83 3 77 3 12 53 73 5 82 4 15 39 56 3 1,202 
College degree 40 9 82 4 55 6 12 38 71 4 74 6 9 48 42 21 235 
Gracuate profess- 
ional degree 46 10 75 7 53 8 17 35 69 7 69 7 8 45 49 19 161 
Science math education 
Low... | 31 22 82 4 78 2 11 57 70 8 81 4 19 35 61 14 1.175 
Middle . — 18 82 3 71 3 14 48 75 4 81 A 13 45 51 21 467 
Me @ib4 ca . 43 11 80 5 57 8 17 34 73 4 72 6 8 49 43 21 358 


Attentiveness to science technology policy 


Attentive public... .... 43 12 83 4 70 5 22 44 74 6 80 2 13 45 53 12 199 
Interested public... ... 39 16 82 3 75 3 15 46 75 5 81 3 15 41 58 16 802 
Pere 28 23 81 5 72 4 8 55 68 8 77 6 16 39 54 18 999 


We are faced with many problems in this country. 1m going to name some of these problems. and for each one, Id like you to tell me if you think that the government is spending too little money on it. about the right amount 
or too rnuch— 


SOURCES J.D. Miller and LK. Piter, Public Attitudes Toward Science and Technology. 1979-1992. integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy. Chicago Academy of 
Sciences, 1993). and unpublished tabulations 


See figure 7-15 Science & Engineering indicators ~ 1993 
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and level of attentiveness a B Cc D E F G H | J K L M N 0 P N 
Percentage answering correctly 

SE Se ae en 81 73 86 65 37 46 35 38 79 45 94 45 67 75 71 46 2,001 
Sex 

te eee eek ee ee a 88 78 88 57 49 56 29 45 85 49 95 48 71 87 55 950 
ee bi tod ee te ek ek ee a ok ee 75 68 83 72 26 38 41 31 74 41 93 42 62 63 64 37 ~=©1,051 
Formal education 

i 6 4a s. 6 ead he bak 6 hkoe 76 43 77 42 15 30 12 28 74 22 88 40 51 68 58 23 196 
ek nd ho tio hone. 668s 80s 78 63 82 51 27 38 16 32 75 46 95 31 59 59 46 21 207 
nn. . 6266650606 ¥5.000s 81 74 87 68 35 pay 34 35 77 43 94 43 66 74 72 46 1,202 
College degree..................... 86 87 90 75 56 62 56 47 86 59 95 63 77 86 84 66 235 
Graduate/protessional 

hs sen ehe eas o 400008 0 60eees 89 94 87 76 67 72 64 59 94 68 98 60 82 89 91 71 161 
Science/math education 

0 Ee eee eee 78 64 83 60 26 35 25 32 74 38 94 39 62 70 63 33. «1,175 
EE ee ee 84 80 89 68 43 54 39 40 81 48 95 46 68 79 79 58 467 
SMC Tee TET Te TT TTT ree 88 92 89 77 66 75 62 52 92 64 95 64 78 86 90 73 358 
Attentiveness to science/technology policy 
i 242.5.6060.9 40566640024 86 77 83 59 47 62 38 51 90 60 92 55 71 76 76 51 199 
i +. s6s see eee eee ee ee 82 73 89 63 39 47 36 43 80 48 95 45 69 77 73 45 802 
EEE ee ee ee 79 72 84 68 33 43 33 31 76 39 94 43 64 73 69 45 999 
A “The center of the earth is very hot.” (True) | “The continents on which we live have been moving their location for millions of 
B “All radioactivity is manmade.” (F aise) years and will continue to move in the future.“ (True) 
D “It is the father's gene which decides whether the baby is a boy or a girl.” (True) K “Cigarette smoking causes lung cancer." (True) 
E ‘Lasers work by focusing sound waves.” (False) L “The earliest humans lived at the same time as the dinosaurs.” (False) 
G “Antibiotics kill viruses as well as bacteria.” (False) N “Which travels faster: light or sound?” (Light) 
H “The universe began with a huge explosion.” (True) O ‘Does the earth go around the sun, or does the sun go around the earth?” (Earth around the sun) 
P “How long does it take for the earth to go around sun: one day, one month, or one year?” (One year) 


SOURCES: J.D. Miller and LK. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of 
Sciences, 1993), and unpublished tabulations. 


See figure 7-16. Science & Engineering indicators - 1993 
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Appendix table 7-22. 
International comparisons of public knowledge of science and technology: 1992 


Mean percentage correct 


Region/country A B Cc D E F G H | J K L 12-item scale 6-item scale IN 
Percent 

European Community... ... 84 80 42 82 49 50 27 36 53 65 51 45 55.5 50.8 12,800 
ee 90 72 44 82 44 44 19 34 52 70 51 41 53.6 50.2 1.000 
er 91 89 38 91 40 59 47 41 66 76 46 54 61.5 59.8 1,000 
ad take kk ye 4.04 4 87 79 48 91 56 54 28 36 60 71 54 48 59.3 55.7 1,000 
ere 93 82 39 84 44 61 31 40 47 58 50 46 56.3 49.8 2,000 
Pee 75 85 37 58 53 27 15 12 34 48 60 43 45.6 34.0 1,000 
Py @h.+ sede abe 444 82 68 33 66 58 37 28 28 50 67 41 30 49.0 45.3 1,000 
EE 82 82 48 80 51 37 13 31 58 63 59 28 52.7 48.8 1,000 
Leumerrmneung =. «ww ww wwe 84 85 45 79 41 56 12 34 53 66 64 61 56.7 48.5 500 
The Netherlands ........ 87 84 39 86 42 56 38 47 62 49 42 65 58.1 53.5 1,000 
Tee Tee 71 86 30 56 40 24 12 20 32 57 46 30 42.0 34.5 1,000 
CE ek hen 44 ks 440% 5 81 73 de 73 38 39 25 30 40 70 64 47 51.8 46.7 1,000 
United Kingdom......... 88 81 37 87 56 57 39 45 65 75 48 54 61.0 58.0 1,300 

Pt Atis56264.0. 094 %4 NA NA 29 59 NA NA 13 21 53 73 NA NA — 41.3 1,457 

United States............ 81 86 46 79 65 45 35 37 73 45 46 60 58.2 52.5 2,980 

A “The center of the earth is very hot.” (True) 

B “The oxygen we breathe comes from plants.” (True) 

C “Electrons are smaller than atoms.” (True) 

D “The continents on which we live have been moving for millions of years.” (True) 

E “It is the father’s gene that determines the gender of a child.” (True) 

F “The earliest humans lived at the same time as the dinosaurs.” (False) 

G “Antibiotics kill viruses as well as bacteria.” (False) 

H “Lasers work by focusing sound waves.” (False) 

| “All radioactivity is manmade.” (False) 

J “Human beings, as we know them today, developed from earlier species of animals.” (True) 

K “Does the earth go around the sun, or does the sun go around the earth?” (earth around the sun) 

L “Some numbers are especially lucky for some people.” (False) 


— = not applicable; NA = not asked 
NOTE: The six-item scale is comprised of questions C, D, G, H, |, and J. 


SOURCES: Commission of the European Communities, Europeans, Science and Technology — Public Understanding and Attitudes [Eurobarometer 38.1] (Brussels: Commission of the European Communities, 1993). J.D. 
Miller and L.K. Pifer, Public Attitudes Toward Science and Technology. 1979-1992, Integrated Codebook (Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and 
National Institute of Science and Technology Policy (Japan), Japan National Study, 1991 (Tokyo: NISTEP, 1992). 


See figure 7-17. Science & Engineering Indicators — 1993 
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Appendix table 7-23. 
Public knowledge of biomedical topics: 1993 


Sex, level of education, 


and attentiveness A B Cc D E F G H | J N 
ne aS nes eae _______— 
a 59 42 77 46 82 56 41 73 78 64 3,111 
Sex 
A ee eee kel 62 39 77 44 84 53 47 73 78 68 1,490 
CP cach d cibehehe ee kake 56 45 76 48 80 59 35 72 77 59 1,621 
Formal education 
Qyearsorless.............. 35 11 82 21 48 60 35 44 49 54 346 
EE, ono ns es eee Os 38 35 83 27 72 57 23 50 76 57 338 
High school degree .......... 62 45 76 48 86 52 39 78 81 63 1,818 
College degree ............. 75 54 72 62 93 65 52 87 83 71 414 
Graduate/professional degree... 82 62 70 74 98 76 65 83 85 84 195 
Science/math education 
ECL eh beech head oad dda 48 34 80 38 74 51 34 64 73 59 1,743 
i. + '46s04s0440444004 68 49 74 51 89 58 46 81 83 66 853 
+ $+e40644 9440600444 82 59 71 68 96 70 55 87 85 76 515 
Attentiveness to science/technology 
Attentive public............. 69 42 72 57 85 56 51 80 81 72 247 
Interested public ............ 62 42 78 44 82 59 41 69 77 67 1,261 
this b epi ecnehenss 55 43 77 46 81 54 39 74 77 60 1,602 


A “DNA regulates inherited characteristics for all plants and animals.” (True) 

B “Human beings can survive on almost any combination of foods, provided that the total diet includes enough calories.” (False) 
C “The body's immune system protects us from bacteria as well as viruses.” (True) 

D “Senility is inevitable as the brain ages and loses tissue." (False) 

E “All bacteria are harmful to humans.” (False) 

F “In general, to be effective, a vaccine must be administered before an infection occurs.” (True) 

G “Human beings, as we know them today, developed from earlier species of animals.” (True) 

H “Intelligence in humans is related to the size of the brain.” (False) 

| “The human immune system has no defense against viruses.” (False) 

J “The process of evolution is continuing today.” (True) 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, Integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and National Institute of Science and unpublished tabulations. 


See figure 7-18. Science & Engineering Indicators — 1993 
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Appendix table 7-24. 
Public understanding of the cause of acid rain: 1992 


Gave Gave | 
scientifically general Linked 
Sex, level of education, correct explanation description cause 
and attentiveness of cause of cause to pollution N 
aoe > --— 
feeb ead pac henek ahs eed 8 5 37 997 
Sex 
EE SS ee eT er eT TTT eee Tr Ye 14 8 34 464 
EE ee See eee ee ee 2 2 40 533 
Formal education 
9 years orless.....................4. 5 2 19 102 
ee eee eee 0 5 30 113 
High school degree .................. 7 3 40 579 
ES ee ee 15 11 41 130 
Graduate/professional degree........... 18 11 44 72 
Science/math education 
DRESS O44 6056-640.640444000408648 4 4 35 593 
PE 64446 034:0400045 020460000008 8 2 42 224 
rs +3 0060% 6404 644650000440 044045 19 12 38 180 
Attentiveness to science/technology 
|| rr 13 8 38 94 
Interested public .................... 9 4 40 385 
Tee ee es ee ere ee ee ee 5 4 34 518 


“When you read or hear the term ‘acid rain,’ do you have a clear understanding of what it means, a general sense of what it means, or little understanding of what it 
means?” 


“What do you believe is the primary cause of acid rain?” [Asked if respondents said they had a clear or general understanding of acid rain.] 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, Integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unpublished tabulations. 


See figure 7-19. Science & Engineering Indicators — 1993 
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Appendix table 7-25. 
Public understanding of the ozone layer: 1992 


Sex, level of education, Understood 
and attentiveness thinning Knew location Knew harms N 
Percent 
I Nee. oa ad Sed Reha dace so kahe sada ees 26 7 42 997 
Sex 
OSS eee eee eee eee ee ee 31 10 50 464 
ES oe eee 6 ee ee a eee ds bk cee kas Oe os 21 4 35 533 
Formal education 
I re ee ee ee a ear 10 2 27 102 
CC EE ee Se ee ee ee ee ee ee ee 26 2 30 113 
EE eee ee ee eee ee ee 24 6 40 579 
RE eee es eee See eS 2 ee 37 15 61 130 
Graduate/professional degree...................00 00005. 44 14 56 72 
Science/math education 
CC SRG SPST TT eer TT eer Pe Te TEETER TTT ET Cre 20 5 35 593 
ETS TS Seer eee Thee Ee Te CLEP ET ECE CTE 29 7 46 224 
AE ee eee eee eT eT Cee Tee eeeEEeT eT Ce 41 16 57 180 
Attentiveness to science/technology policy 
Te eee ee eee Pee eee eee es eee 51 14 60 94 
EE 6c eG00-05 64404004 000 FO dav edneeeen our 28 7 45 385 
EE ee ee ee ee ee ee 20 6 36 518 


“Please tell me, in your own words, why there is a hole in the ozone layer? 
“Do you know where the hole is located? Where is it located? 
“So far as you know, are there any harms or dangers that might result from a hole in the ozone layer ?” 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992. Iritegrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unpublished tabulations. 


See figure 7-19. Science & Engineering Indicators — 1993 
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Appendix table 7-26. 
Public knowledge of selected environmental concepts: 1992 


Hole in Greenhouse Acid rain Car emissions 
Sex, level of education, ozone layer can effect can raise causes damage are not related 
and attentiveness cause skin cancer sea level to forests to acid rain N 


Percentage agreeing 


at eh eee gedaan 73 45 89 16 1,004 
Sex 
Se ee ee eee 72 54 91 16 486 
Ee ee ee ee ee 75 37 87 16 518 
Formal education 
ae ee ee 62 43 82 20 94 
ka kes eS cae aha 68 40 82 17 94 
High school degree.............. 76 42 90 16 623 
I ei 66b 06545 0444 6 69 55 92 13 104 
Graduate/professional degree ...... 75 60 95 13 89 
Science/math education 
PAP OPPT ECT TC CTT Tee 71 41 86 17 582 
Dt +6 64-044%600400608004 05 77 43 92 15 244 
 SRPOPTVEUT TE TTT TT eee ee 77 60 95 12 178 


Attentiveness to science/technology policy 


Attentive public................. 68 61 84 17 105 
Interested public................ 71 45 91 18 417 
CE keh ei Be ee a 76 41 88 14 481 


“Could you please tell me if you think the following statements are true or false?” (All statements are true.) 


SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago: International Center for the 
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993). and unpublished tabulations. 


See figure 7-19. Science & Engineering Indicators — 1993 
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Appendix table 7-27. 
Understanding of selected scientific concepts by high school seniors: 1990 and 1993 
Seniors 
Concept Response 1990 1993 
Percent 
Human beings, as we know them today, developed ee ee ee 39 33 
from earlier species of animals. RS <2, 04446 deh aca n ea ees 24 24 
ea hacktaeed anand 068 37 43 
Smoking causes serious health problems. ey eer eee 80 75 
eee es eee 4 3 
+604 6béesbeeenendes 16 23 
In the entire universe, it is likely that there DEY 404444 4404445004 000808% 47 44 
are thousands of planets like our own on which ee ee eee ee 9 8 
life could have developed. SS ee eee ee 44 48 
The continents on which we live have been moving +446 Ube 6440004500004 4 004 63 57 
their location for millions of years and will ee ee ee ee ee 5 4 
continue to move in the future. ee eee 32 39 
Some numbers are especially lucky for me. AAFC TT TE Te TE TTT eTTe 22 26 
FC orT TTT TE TT CT re da 37 
0 ee ee ee 34 37 
A scientific theory is a scientist's best  6-240496040).5060008440065 64 61 
understanding of how something works. Es +444 660-02046408 64.0008 7 7 
NS 606% 444440046000 0008 29 32 
All scientific theories change from time to +++ +e hed eeee es 0s b0eehens 70 F4 
time as scientists improve their understanding TIC CT TTT TTT eee 4 4 
of nature. TTT TEEPE TT ET 26 32 
N= 1,751 1,650 


SOURCE: J.D. Miller and L.K. Pifer, Longitudinal Siudy of American Youth (DeKalb, IL: Social Science Research Institute, Northern Illinois University, 1993), special 
tabulations. 
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Appendix table 7-28. 
Attitudes toward science and technology among high school seniors: 1990 and 1993 


Seniors 
Statement Response 1990 1993 
: Percent 

Scientific invention is largely responsible for Pik cchsttencben died ses00 00 68 62 
our standard of living.in the United States. AS ves & 4 4h ie Bie ae ke 6 Ome 3 3 
i :s4 tee eeeee sear’ $4 29 35 

Overall, science and technology have caused more DDC 66e 406444466 00660004 47 44 
good than harm. ere Ts rT Tere 19 19 
es ee 34 37 

On balance, computers and factory automation I A4465444540408 edo eee 33 26 
will create more jobs than they will eliminate. iL sche bese ene chokaeed 18 22 
Dh <.2i eh be t0n06040e040 49 52 

One trouble with science is that it makes our FTO TTTT Ee TTT eer Tee 26 24 
way Of life change too fast. Es £24 6646040000600 05604 33 31 
NS 5 3 0.6'%444460604000004 41 45 

New inventions will always be found to counteract hh 44060640003 0¢0000 00088 32 25 
any harmful consequences of technological Es +4 U6044046)0004 806604 20 20 
development. is .46644h06¢4 660440404 48 55 
In this complicated world of ours, the only way err eee ee eee ee ee 33 28 
we can know what is going on is to rely on PFT, TET TTT TTS 29 28 
leaders and experts who can be trusted. NG 4:6 4.04.0.64046400% Te 38 44 
Scientific researchers are dedicated people Pr hos 594).40.05968900006040% 52 43 
who work for the good of humanity. DD + 606s 8066000460 0000408 7 9 
Ds +-46006000044000 00004 41 48 

Because of their knowledge, scientific Pn .hs0606060 0646 69000040805 27 26 
researchers have a power that makes them PE + ccheeeeeeesbase denen 32 30 
dangerous. 64240400 04000400 RRO 41 44 
N= 1,751 1,650 


SOURCE: J.D. Miller and L.K. Pifer, Longitudinal Study of American Youth (DeKalb, IL: Social Science Research Institute, Northern Illinois University, 1993), special 
tabulations. 
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Elementary teachers. See Teachers, precollege 
Emplovment of S&E’s. See Science and engi- 
neering (S&E), workforce 
Energy, Department of (DOE) 
academic R&D funding by mode of support, 
140, 258 
funding for FCCSET initiatives, 113, 359 
R&D support, 104, 107, 108, 109, 111, 
340-346, 349-350, 355 
weapons laboratories, 110-111 
Engineering 
academic doctoral researchers 
by number of years since doctorate, 147, 
412,414 
reporting federal support, 149, 418, 419 
reporting multiple federal agency sup- 
port, 150, 420 
academic R&D expenditures, 137, 397-398 
average annual growth rates of employed 
doctoral scientists and engineers, 145, 
406 
degrees 
associate, 47, 271 
bachelors, 41, 47, 48, 255, 272-273 
bachelors, by gender, 80 
first, NS&E by region, 36-38, 251-253 
masters, 42, 255 
doctoral unemployment, underemployment, 
and employment rates, 75 
employment rates, 72 
expenditures for research equipment at 
academic institutions, 142, 404-405 
federal obligations for research, 112, 351-354 
first degrees by region, 37, 252 
foreign students in graduate programs, 52 
279, 287 
graduate enrollments, 50, 51, 278-279 
graduate student financial support, 56, 298 
internationally coauthored articles as a 
percentage of all articles, 151, 426 
job losses, 63 
minorities 
as a proportion of doctoral S&E work- 
force, 81 
representation among freshmen, 44, 264 
nature of engineering research at U.S. 
universities, 138 
number of institutions receiving federal 
R&D support, 139, 402 
percentage change in U.S. share of world 
articles, 151, 421 
as planned major of National Merit 
Scholars, 45, 265-266 
undergraduate enrollments, 42-44, 258-260 
unemployment, 70, 316 
women in, 79-80, 321 
as a proportion of doctoral S&E work- 
force, 81 
Engineering technology, degrees, associate, 
47, 271 
Engineers 
attachment rates, 71-72 
doctoral 
academic researchers by field, 144, 407-408 
changes in the survey of doctorate recip- 
ients, 144 
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changing age structure of academic 
researchers, 147, 412-414 
employment by sector, 76, 319 
federal support of academic researchers, 
148-149, 150, 418-420 
minorities in academic R&D, 145-146, 
409-411 
in R&D, 68, 309 
research participation, 147-148, 415-417 
salaries, 78, 315 
teaching and research as primary work 
responsibility, 146-147, 407-408 
trends for academic researchers, 143-144, 
406 
underemployment, 75, 76-78 
unemployment, 75, 76-78 
women in academic R&D, 144-145, 146, 
406, 410-411 
employment 
by gender, 79, 321 
defense-related, 66-67, 315 
federal, 65, 307 
full time, 70, 312 
in-field, 71, 72 
manufacturing, 62-63, 301-303 
nonmanufacturing, 64, 304-306 
immigrant 
admitted to U.S. on permanent visas, 83, 
323-324 
from the former Soviet Union, 83 
in the S&E workforce, 82-83, 323-324 
median annual salaries, 74, 317 
minority representation in S&E labor 
force, 82, 322 
salaries, 73, 74, 313, 317 
unemployment rates, 71, 316 
England. See United Kingdom 
Enrollments 
graduate, 48-51, 278-279 
undergraduate, 42-44, 258-260 
US., 41, 254 
Environmental interest and knowledge, 210, 
211 
Environmental Protection Agency (EPA), 
academic R&D funding by mode of 
support, 140, 258 
Environmental sciences 
academic doctoral researchers 
by number of years since doctorate, 147, 
413 
reporting federal support, 149, 418 
reporting multiple federal agency sup- 
port, 150, 420 
academic R&D expenditures, 137, 397-398 
average annual growth rates of employed 
doctoral scientists and engineers, 145, 
406 
degrees, bachelors, 47, 48, 272-273 
doctoral unemployment, underemploymei t, 
and employment rates, 75 
employment rates, 72 
expenditures for research equipment at 
academic institutions, 142, 404-405 
federal obligations for research, 112, 
351-354 
minorities as a proportion of doctoral S&E 
workforce, 81 


Environmental Studies (Cont.) 
number of institutions receiving federal 
R&D support, 139, 402 
women as a proportion of doctoral S&E 
workforce, 81 
Environmental terms and concepts, under- 
standing of, 208-209, 210, 211, 494-496 
EPA. See Environmental Protection Agency 
(EPA) 
Ethnic comparisons 
academic R&D, 145-146, 409-411 
degrees 
bachelors, 48, 49, 274-277 
doctoral, 51, 286-287 
graduate enrollments in S&E, 51, 279 
planned majors of freshmen, 44, 261-263 
precollege students 
math achievement in 1992, 9-10, 236-239 
SAT scores, 15-16, 241-246 
standardized tests and, 28 
trends in achievement, 8-9, 232-235 
proportions of doctoral S&E workforce, 81 
S&E workforce, 80-82, 322 
Eurobarometer 38-1, 198 
Europe 
immigrant scientists and engineers from, 
82, 323-324 
NS&E first degrees awarded in, 36-38, 
251 
R&D 
performed for affiliates of U.S. compa- 
nies in, 125 
performed in the U.S. by affiliates of 
companies in, 126 
S&E first degrees awarded in, 36-38, 251 
Europe-Japan corporate technology 
alliances, 123, 383 
Europe-United States corporate technology 
alliances, 123, 383 
European Community (EC) 
assessment of scientific research, 206, 485 
environmental interest and knowledge, 211 
high-tech industries’ share of total manu- 
facturing output, 161, 440-446 
industrial R&D, 169, 454 
informedness on scientific issues, 200, 477 
interest in scientific issues, 199, 474 
royalties and fees from exchange of indus- 
trial processes, 168, 450 
scientific term and concept knowledge, 
208, 492 
share of global high-tech market, 161, 
440-446 
Exports share of total manufacturing produc- 
tion, 162-163, 440-446 
Extracurricular activities of precollege stu- 
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Federal Coordinating Council for Science, 
Engineering, and Technology (FCC- 
SET), 108-110, 113, 359 
Federal S&E employment, 64-65, 307 
Federal support of R&D 
academic researchers, 148-149, 150, 418-420 
by agency, 104-112, 138-140, 340-357, 
400-402 
by field, 112, 351-354 
cross-cutting initiatives, 108-110, 113, 359 
defense-related issues, 110-116, 356-357 
DOD, 104, 107, 108, 109, 111, 340-346, 
349-350, 355-357 
DOE, 104, 107, 108, 109, 111, 340-346, 
349-350, 355 
federal focus by national objective, 101-104, 
363-364 
funding by budget function, 102, 103, 363-364 
funding for defense conversion, 116 
health, 105 
HHS, 104, 107, 108, 109, 111, 340-346, 
349, 355 
NASA, 104, 107, 108, 109, 111, 340-346, 
349-350, 355 
NSF, 104, 107, 108, 109, 340-346, 355 
overview, 100-101 
patterns in federal lab R&D performance, 
110 
structure of obligations, 104-112, 340-357 
USDA, 104, 107, 111, 340-346, 349, 355 
Federal Technology Transfer Act (FTTA) of 
1986, 120 
Federally funded research and development 
centers (FFRDCs), 92, 93, 105-106, 
109, 111, 135, 346-348, 350 
Fellowships, 55, 56, 294-295, 299-300 
Females. See Women 
FFRDCs (federally funded research and 
development centers), 92, 93, 105-106, 
109, 111, 135, 346-348, 350 
Financial resources for academic R&D 
in a national context, 134-135, 333-335 
congressional earmarking, 139 
distribution of funds across institutions, 
136, 391-392 
equipment, 141-143, 404—405 
expenditures 
by character of work and performers, 
135, 333-335, 387 
by field and funding source, 137-138, 
396-399 
facilities, 141, 402-403 
federal funding by mode of support, 140, 
358 
federal support, 138-140, 400-402 
industrial support of R&D at specific insti- 
tutions, 136-137, 393-395 
instrumentation, 141-143, 404-405 
sources of funds, 135-136, 388-390 
Financial support 
college freshmen, 54 
foreign students, 55-56 
higher education, 54, 293 
S&E graduate students, 51-56, 294-300 
Foreign students. See Students, foreign 
France 
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NS&E first degrees awarded in, 37, 38, 
251, 253 
patents 
awarded to nonresident inventors, 176, 
177, 455, 464-465 
genetic engineering, 181, 182, 467 
optical fibers, 183, 184, 468 
robot technology, 179, 180, 466 
U.S. patent classes most emphasized, 
174, 175, 460 
U.S. patents granted to, 172, 455 
R&D 
as a percentage of GDP, 101, 375-376 
employment by affiliates of U.S. compa- 
nies in, 69, 310 
expenditures, 100, 377-378 
facilities located in the U.S., 127 
industrial, 169 
nondefense, as a percentage of U.S. 
spending, 101, 376 
performed for affiliates of U.S. compa- 
nies in, 125 
performed in the U.S. by affiliates of 
companies in, 126 
portion of industrial R&D financed from 
foreign sources, 126, 383 
ratio of R&D scientists and engineers to 
workers in the general labor force, 84, 
328 
support, 106, 379 
scientific term and concept knowledge, 
208, 492 
social sciences first degrees awarded in, 
37, 252 
FTTA (Federal Technology Transfer Act) of 
1986, 120 


GDP (gross domestic product), 89, 158, 329, 
437-439 
GDP (gross doraestic product) implicit price 
deflator, 89n, 329 
Gender comparisons. See also Women 
academic R&D, 144-145, 146, 406, 410-411 
degrees 
bachelors, 48, 272-273 
doctoral, 51, 284-285 
graduate enrollments in S&E, 50, 278 
NS&E degree participation rates, 37-38, 
253 
planned majors of freshmen, 44, 261-263 
precollege students 
math achievement in 1992, 9, 10, 236-239 
SAT scores, 14-15, 240-246 
trends in achievement, 7-8, 231-235 
S&E workforce, 78-80, 81, 321 
Genetic engineering patents, 181-183, 467 
Geology, undergraduate instruction by type 
of faculty, 43, 257 
Germany 
assessment of scientific research, 206, 485 
export market share, 163, 440-446 
GDP, 158, 437-439 
high-tech exports, 163, 440-446 
import penetration of high-tech markets, 
165, 440-446 
informedness on scientific issues, 200, 477 
interest in scientific issues, 199, 474 
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NS&E first degrees awarded in, 37, 38, 
251, 253 
patents 
awarded to nonresident inventors, 176, 
177, 455, 464-465 
genetic engineering, 181, 182, 467 
optical fibers, 183, 184, 468 
robot technology, 179, 180, 466 
U.S. patent classes most emphasized, 
174, 175, 458 
US. patents granted to, 172, 455 
R&D 
as a percentage ot GDP, 101, 375-376 
employment by affiliates of U.S. compa- 
nies in, 69, 310 
expenditures, 99, 100, 330, 377-378 
facilities located in the U.S., 127 
industrial, 169, 171, 453 
nondefense, as a percentage of U.S. 
spending, 101, 376 
performed for affiliates of U.S. compa- 
nies in, 125 
performed in the U.S. by affiliates of 
companies in, 126 
portion of industrial R&D financed from 
foreign sources, 12, 383 
ratio of R&D scientists: 2nd engineers to 
workers in the general labor force, 84, 
328 
support, 106, 379 
ratio of exports to production for all manu- 
facturers, 162, 440-446 
royalties and fees from exchange of indus- 
trial processes, 168, 450 
scientific term and concept knowledge, 
208, 492 
social sciences first degrees awarded in, 
37, 252 
technical education in, 46 
Global marketplace 
exports share of total manufacturing, 
162-163, 440-446 
global competitiveness of individual indus- 
tries, 161-162, 440-446 
high-tech industries and, 159 
highlights, 156 
home market, 165-167, 440-448 
import penetration, 165-167, 440-448 
importance of high-tech production, 159-160, 
440-446 
OECD high-tech industries, 159, 160, 440-446 
royalties and fees from intellectual prop- 
erty, 167, 168, 449-450 
share of world markets, 160-161, 440-446 
U.S. trade balance, 163-165, 440-446 
Graduate education. See Education, graduate 
Graduate students. See Students, graduate 
Great Britain. See United Kingdom 
Greece 
assessment of scientific research, 206, 485 
informedness on scientific issues, 200, 477 
interest in scientific issues, 199, 474 
Gross domestic product (GDP), 89, 158, 329, 
437-439 
Gross domestic product (GDP) implicit price 
deflator, 89n, 329 


Health and Human Services, Department of 
(HHS) 
funding for FCCSET initiatives, 113, 359 
R&D support, 104, 107, 108, 109, 111, 
340-346, 349, 355 
Health R&D, 105 
HHS. See Health and Human Services, 
Department of (HHS) 
High-technology industries 
Asian high-tech competitors, new, 186-190, 
471 
exports share of total manufacturing, 162-163, 
440-446 
global competitiveness of individual indus- 
tries, 161-162, 440-446 
global marketplace and, 159 
global production of manufactured prod- 
ucts, 160, 440-446 
highlights, 157 
home market, 165-167, 440-448 
import penetration, 165-167, 440-448 
importance of high-tech production, 159-160, 
440-446 
leading indicators of national competitive- 
ness, 186-190, 471 
OECD, 159, 160, 440-446 
royalties and fees from intellectual property, 
167, 168, 449-450 
share of world markets, 160-161, 440-446 
small business 
foreign ownership of U.S. high-tech 
companies, 186, 470 
highlights, 157 
trends in new U.S. startups, 185-186, 469 
US. trade balance, 163-165, 440-446 
Higher education. See Education, graduate 
and undergraduate 
Hispanic Americans 
academic employment and R&D involve- 
ment of doctoral scientists and engi- 
neers, 146, 409-411 
degrees, bachelors, 49, 274-277 
graduate enrollments in S&E, 51, 279 
precollege students 
NAEP math test scores, 6, 225-227 
NAEP science test scores, 7, 228-230 
SAT math scores, 15, 244-245 
standardized tests and, 28 
proportions of doctoral S&E workforce, 81 
representation in S&E labor force, 82, 322 
Hong Kong, competitiveness assessment, 
188, 189, 190, 471 
Human resources. See Science and engineer- 
ing (S&E), workforce 
Hungary 
NS&E first degrees awarded in, 37, 251 
social sciences first degrees awarded in, 37, 
252 


IAEP (International Assessment of Educational 
Progress), 16-17 
Import penetration, 165-167, 440-448 
Independent Research and Development 
(IR&D), 114-115, 360 
India 
competitiveness assessment, 188, 189, 
190, 471 
NS&E first degrees awarded in, 37, 251 


India (Cont.) 
patents awarded to nonresident inventors, 
177, 464-465 
social sciences first degrees awarded in, 
37, 252 
students in U.S. universities, 53 
Indonesia, competitiveness assessment, 188, 
189, 190, 471 
Industrial engineering 
degrees, bachelors, by gender, 80 
employment rates, 72 
manufacturing jobs, 62, 301-303 
Industrial R&D 
expenditures by source, 117, 331-332 
funding by source and industry, 119, 369-374 
uiternational comparisons, 168-171, 451-454 
international trends, 156-157 
support of R&D at specific academic insti- 
tutions, 136-137, 393-395 
U.S. industry overseas, 123-124, 380-382 
Industrial science and engineering (S&E) 
employment, 62-64, 301-306 
Industrial support of R&D at specific aca- 
demic institutions, 136-137, 393-395 
Industry-government interactions, 117-120, 
331-332, 368-274 
Industry-industry partnerships, 122-127, 
380-386 
Industry linkages for R&D 
industry-government interactions, 117-120, 
331-332, 368-374 
industry-industry partnerships, 122-127, 
380-386 
industry-university partnerships, 120-122 
overview, 116-117 
Industry-university coauthorship, 151-152, 
429 
Informedness on S&T issues, 196, 198-199, 
200, 475-477 
Intellectual property, royalties and fees from, 
167, 168, 449-450 
Interest in S&T issues, 195-199, 472-476 
International Assessment of Educational 
Progress (IAEP), 16-17 
International coauthorship, 151, 426 
International comparisons 
Asian high-tech competitors, new, 186-190, 
471 
economic, 158, 437-439 
first university degrees, 36-38, 251-253 
foreign ownership of U.S. high-tech com- 
panies, 186, 470 
GDP, 158, 437-439 
general attitudes toward S&T, 203, 485 
informedness on S&T issues, 199, 200, 477 
interest in S&T issues, 198, 199, 474 
international coauthorship, 151, 426 
precollege students, math and science 
achievement, 16-17 
precollege teachers, 19-21, 23-24 
R&D, 97-101, 103-104, 106, 375-379 
industrial, 156-157, 168-171, 451-454 
S&E workforce, 84-85, 325-328 
S&T benefits and costs, 205-206, 485 
understanding of scientific terms and con- 
cepts, 207-208, 492 
International markets for technology. See 
Global marketplace 
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International strategic technology alliances, 
123, 383 
Inventions, patented. See Patents 
IR&D (Independent Research and Develop- 
ment), 114-115, 360 
Ireland 
assessment of scientific research, 206, 485 
informedness on scientific issues, 200, 
477 
interest in scientific issues, 199, 474 
R&D performed for affiliates of U.S. com- 
panies in, 125 
scientific term and concept knowledge, 
208, 492 
Italy 
assessment of scientific research, 206, 485 
informedness on scientific issues, 200, 477 
interest in scientific issues, 199, 474 
patents awarded to nonresident inventors, 
176, 177, 455, 464-465 
R&D 
as a percentage of GDP, 101, 375-376 
employment by affiliates of U.S. compa- 
nies in, 69, 310 
expenditures, 100, 377-378 
industrial, 169 
nondefense as a percentage of U.S. 
spending, 101, 376 
performed for affiliates of U.S. compa- 
nies in, 125 
portion of industrial R&D financed from 
foreign sources, 126, 383 
ratio of R&D scientists and engineers to 
workers in the general labor force, 84, 
328 
support, 106, 379 
scientific term and concept knowledge, 
208, 492 
social sciences first degrees awarded in, 
37, 252 


Japan 
assessment of scientific research, 206, 485 
export market share, 163, 440-446 
GDP, 158, 437-439 
high-tech exports, 163, 440-446 
high-tech industries’ share of total manu- 
facturing output, 161, 440-446 
import penetration of high-tech markets, 
165, 440-446 
informedness on scientific issues, 200, 477 
interest in scientific issues, 199, 474 
NS&E first degrees awarded in, 37, 38, 
251, 253 
patents 
awarded to nonresident inventors, 176, 
177, 455, 464-465 
genetic engineering, 181, 182, 467 
optical fibers, 183, 184, 468 
robot technology, 179, 180, 466 
U.S. patent classes most emphasized, 
174, 175, 457 
U.S. patents granted to, 172, 455 
R&D 
as a percentage of GDP, 101, 375-376 
employment by affiliates of U.S. compa- 
nies in, 69, 310 
expenditures, 99, 100, 330, 377-378 
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R&D Japan (Cont.) 
facilities located in the U.S., 127 
industrial, 169, 170-171, 452 
nondefense, as a percentage of U.S. 
spending, 101, 376 
performed for affiliates of U.S. compa- 
nies in, 125 
performed in the U.S. by affiliates of 
companies in, 126 
portion of industrial R&D financed from 
foreign sources, 126, 383 
ratio of R&D scientists and engineers to 
workers in the general labor force, 84, 
328 
support, 106, 379 
ratio of exports to production for all manu- 
facturers, 162, 440-446 
royalties and fees from exchange of indus- 
trial processes, 168, 450 
scientific term and concept knowledge, 
208, 492 
share of global high-tech market, 161, 
440-446 
social sciences first degrees awarded in, 
37, 252 
students in U.S. universities, 53 
technical education in, 46 
Japan-Europe corporate technology alliances, 
123, 383 
Japan National Study, 1991, 198 
Japan-United States corporate technology 
alliances, 123, 383 
Jobs in science and engineering. See Science 
and engineering (S&E), workforce 


Korea. See South Korea 


Labor force in S&E. See Science and engi- 
neering (S&E), workforce 
Latin America 
precollege students, SAT math scores, 15, 
244 
R&D 
performed for affiliates of U.S. compa- 
nies in, 125 
performed in the U.S. by affiliates of 
companies in, 126 
Lawyers 
employed full time, 70, 312 
employment by gender, 79, 321 
median annual salaries, 74, 317 
License arrangements, university income 
from, 153 
Life sciences 
academic doctoral researchers 
by number of years since doctorate, 147, 
413 
reporting federal support, 149, 419 
reporting multiple federal agency sup- 
port, 150, 420 
average annual growth rates of employed 
doctoral scientists and engineers, 145, 
406 
doctoral unemployment, underemployment, 
and employment rates, 75 
employment rates, 72 


Life Sciences (Cont.) 
expenditures for research equipment at 
academic institutions, 142, 404-405 
federal obligations for research, 112, 
351-354 
internationally coauthored articles as a 
percentage of all articles, 151, 426 
minorities as a proportion of doctoral S&E 
workforce, 81 
number of institutions receiving federal 
R&D support, 139, 402 
women as a proportion of doctoral S&E 
workforce, 81 
Life scientists 
employment by gender, 79, 321 
federal employment, 65, 307 
Literature 
U.S. and world publications in biology and 
biomedical research, 152, 421 
world literature in key journals, 149, 151-152, 
421-429 
Longitudinal Study of American Youth (LSAY), 
10, 12, 14, 210-212 
Luxembourg 
assessment of scientific research, 206, 
485 
informedness on scientific issues, 200, 
477 
interest in scientific issues, 199, 474 
scientific term and concept knowledge, 
208, 492 


Malaysia, competitiveness assessment, 188, 
189, 190, 471 
Manufacturing employment, 62-64, 301-303 
Market exchange rates (MERs), 98, 99, 330 
Markets. See Global marketplace 
Masters degrees. See Degrees, masters 
Materials engineering 
doctoral unemployment, underemployment, 
and employment rates, 75 
employment rates, 72 
minorities as a proportion of doctoral S&E 
workforce, 81 
women as a proportion of doctoral S&E 
workforce, 81 
Mathematical sciences 
academic R&D expenditures, 137, 397-398 
average annual growth rates of employed 
doctoral scientists and engineers, 145, 
406 
degrees, bachelors, 47, 48, 272-273 
employment rates, 72 
expenditures for research equipment at 
academic institutions, 142, 404-405 
Mathematical scientists 
employed full time, 70, 312 
employment by gender, 79, 321 
immigrant 
admitted to U.S. on permanent visas, 83, 
323-324 
from the former Soviet Union, 83 
median annual salaries, 74, 317 
minority representation in S&E labor force, 
82, 322 
unemployment rates, 71, 316 


Mathematics 
academic doctoral researchers 
by number of years since doctorate, 147, 
412 
reporting federal support, 149, 418 
reporting multiple federal agency sup- 
port, 150, 420 
average annual salary offers to doctoral 
candidates, 77 
degrees 
associate, 47, 271 
bachelors, 47, 48, 272-273 
doctoral unemployment, underemploy- 
ment, and employment rates, 75 
federal obligations for research, 112, 
351-354 
foreign students in graduate programs, 52, 
279, 287 
freshmen needing remedial work in, 45—46, 
267-269 
graduate student financial support, 56, 
297 
internationally coauthored articles as a 
percentage of all articles, 151, 426 
minorities as a proportion of doctoral S&E 
workforce, 81 
number of institutions receiving federal 
R&D support, 139, 402 
percentage change in U.S. share of world 
articles, 151, 421 
as planned major of National Merit Scholars, 
45, 265-266 
precollege studies 
achievement in 1992, 9-10, 236-239 
calculator use and, 23, 24 
classroom activities, 21-22, 23 
computer use and, 22-23 
highlights, 2-3 
improvements in assessing achievement, 
26-29 
international comparisons of achievement, 
16-17 
NAFP trends, 4-7, 28, 223-239 
SAT scores, 14-16, 240-246 
student attitudes toward, 12-14 
student persistence in courses, 10-12 
student SME intentions, 12, 13 
trends in achievement by ethnicity, 8-9, 
232-235 
trends in achievement by gender, 7-8, 
231-235 
trends toward state frameworks and 
higher standards for student perfor- 
mance, 29-30 
women as a proportion of doctoral S&E 
workforce, 81 
Mathematics analysts, defense-related 
employment, 66-67, 315 
Mechanical engineering 
degrees, bachelors, by gender, 80 
doctoral unemployment, underemploy- 
ment, and employment rates, 75 
employment rates, 72 
manufacturing jobs, 62, 301-303 
minorities as a proportion of doctoral S&E 
workforce, 81 
women as a proportion of doctoral S&E 
workforce, 81 


Medical science, academic R&D expendi- 
tures, 137, 397-398 
Mentoring of precollege students, 25 
MERs (market exchange rates), 98, 99, 330 
Mexican Americans, precollege students, 
SAT math scores, 15, 244-245 
Mexico 
NS&E first degrees awarded in, 37, 251 
patents awarded to nonresident inventors, 
176, 177, 455, 464-465 
R&D performed for affiliates of U.S. com- 
panies in, 125 
social sciences first degrees awarded in, 
37, 252 
Middle East 
immigrant scientists and engineers from, 
82, 323-324 
R&D 
performed for affiliates of U.S. companies 
in, 125 
performed in the U.S. by affiliates of 
companies in, 126 
Minorities. See Ethnic comparisons 


NAEP (National Assessment of Educational 
Progress), 4-7, 28, 223-239 
National Aeronautics and Space Admin- 
istration (NASA) 
academic R&D funding by mode of sup- 
port, 140, 258 
funding for FCCSET initiatives, 113, 359 
R&D support, 104, 107, 108, 109, 111, 
340-346, 349-350, 355 
National Assessment of Educational 
Progress (NAEP), 4-7, 28, 223-239 
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